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I. 



SUMMARY 



This project was carried out to determine the effects of three 
experimental "modern" programs in secondary mathematics, the Ball 
State, UICSM, and SMSG programs, on the attitudes and interests 
pupils develop toward mathematics and to examine factors and condi- 
tions related to these effects. 

The project consisted of a number of separate studies which altogether 
involved 126 pairs of secondary mathematics classes in schools distri- 
buted over a five-state area: Minnesota, Wisconsin, Iowa, North and 

South Dakota. Each pair of classes was instructed by the same teacher, 
one class with one of the experimental programs, the other with a con- 
ventional program. Although some consideration was given to tenth 
and eleventh grade programs, the project 'focused mainly on programs 
and classes at. the ninth grade level. 

Comparisons were made between pupils instructed with experimental 
and conventional programs in terms of a number of separate indices 
of attitude and interest. Self-report indices representing measures 
of general interest in mathematics and of specific attitude and 
interest dimensions, including the pupil's perception of his own pro- 
ficiency, were obtained from questionnaires administered at the be- 
ginning and end of the school year. These indices were based upon ex- 
. pressed feelings, judgments and beliefs concerning mathematics as a 

school subject and an area of activity. At the same time, pupil 
reactions and judgments concerning attitude relevant instructional 
€ factors and conditions were also obtained. The questionnaire data, 

was gathered from separate saraples of ninth grade classes during each 
of two years. 

-<r 

Systematic observations were also made of overt behavioral manifesta- 
tions of pupil interest in mathematics subsequent to instruction with 
the programs being compared. , To make these observations, the necessary 
conditions and procedures were carried out in separate studies using 
classes instructed during several different years. Comparisons were 

made using the following overt behavioral indications of pupil interest 

# 

1. Response to opportunities to obtain recreational materials 
concerned with mathematics. 

2. The amount of reading of library materials concerned with 
mathematics. 

3.. Subsequent enrollment in advanced mathematics subjects in 
high school. 

In connection with all of the comparisons, consideration was given to 
^ such possibly relevant pupil characteristics as sex and level of pro- 

ficiency in mathematics and in some instances the mathematics grades 
pupils had received prior to and concurrent with instruction with the 
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programs being compared. Also the amount of teacher experience 
with and separately their judgments about the experimental programs 
they were teaching were examined as factors that may have contri- 
buted to or modified program differences observed with the self- 
report indices. 

With respect to changes in attitudes and interests in general, there 
were no large or consistent differences for any of the experimental 
programs over the range of indices and samples of pupils considered 
in the project. Rather the results indicated that the experimental 
programs had little differential effect, in comparison to conventional 
programs, on the attitudes and interests pupils developed toward 
mathematics over the period of instruction with these programs. 

However, among the differences that did occur for two of the programs, 
some were sufficiently consistent to suggest certain tendencies with 
respect to attitudinal effects of these programs. Results obtained 
from the self-report indices indicated that pupils instructed with 
the Ball State program tended to develop less positive attitudes or 
interests toward mathematics than those instructed with conventional 
programs. The clearest and most consistent difference in this regard 
was on an index of intrinsic intDrest in mathematics. For the UICSM 
program there was evidence, mainly from the behavioral indices, that 
this prograiii may have contributed to the development of more positive 
attitudes or interests than the comparison conventional program. One 
such indication was a somewhat higher frequency of enrollment in ad- 
vanced mathematics subjects on the part of lower achievement pupils • 
instructed with the UICSH than with a conventional program. For 
pupils instructed with the SMSG program, the differences were too 
limited to conclude other than that this program had no discernible 
differential effect on pupil attitudes or interests. 

Overall, however, the differences that did occur for the Ball State ' 
and the UICSM programs did not appear to be of sufficient magnitude 
nor generality to conclude that these programs could, contribute more 
than the conventional programs to any strong or long range shifts in 
pupil attitudes or interests which might not be fairly readily modi- 
fied, by subsequent factors or conditions. 



Consideration of pupil reaction to certain qualities of their instruc- 
tional materials did reveal under some conditions a moderately large 
differential judgment with respect to the difficulty of the instruc- 
v^tional' materials. Pupils instructed with the Ball State program con- 
sistently reported greater difficulty using and understanding their, 
textbooks than did comparison pupils instructed with conventional 
materials A similar difference occurred for those instructed with 
the sMSG progrcJii but the large amount of variation between teachers 
with respect to this difference precluded any generalization beyond 
the sample A similar difference did not occur for pupils using the 
UICSM materials. Further analyses showed that this reaction to the 
instructional materials could account for the less positive attitudes 
developed by the Ball State pupils. The evidence did not suggest. 
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howeverj that in the absence of greater difficulty with the materials 
pupils instructed with the Ball State program would have developed 
more positive attitudes in comparison to those instructed with con- 
ventional materials. It appears then that pupils instructed with the 
Ball State program would he somewhat more likely to experience 
greater diificulty using and understanding their materials than those 
instructed with conventional programs. 
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There was no evidence that logically relevant teacher or pupil charac- 
teristics contributed to any consistent variation in the more gener- 
ally observed instructional program differences that were obtained. 

In consideration of factors that may have contributed to these results, 
it was found that the lack of larger instructional program differences 
was not the result of a limited amount of attitude change in general 
since on the self-report indices, a reasonably large amount of attitude 
change did occur. Two factors that were identified which could inde- 
pendently account for a moderate proportion of attitude change in 
general were change in grade received relative to the previous year and 
the experienced difficulty with the instructional materials. The 
latter appeared to have a greater affect on change in intrinsic interest 
in mathematics, while a change in the grades a pupil received related 
quite highly to a change in the pupil’s perception of his competence 
in mathematics. Evidence was obtained therefore which indicated that 
in general a quality of the instructional materials, as such, textbook 
difficulty, could have an effect on some, dimensions of pupils* affec-- 
tive .reactions to mathematics. 






II. 



II'ITRODUCTIOn 



The primary purpose of this project was to determine the extent 
and nature of the effects of several recently developed experimen- 
tal programs in secondary mathematics on the attitudes and interests 
pupils develop toward mathematics. The study was carried out by 
comparing the affective outcomes for pupils in mathematics classes 
instructed by the same teachers with either a conventional or an 
experimental program. The indices used were based upon the pupil’s 
expressed feelings and preferences for mathematics as well as the 
degree of overt behavioral involvement in activities concerned with 
mathematics. The instructional programs were experimental versions 
that resulted from several recent curriculum revision and develop- 
ment activities in secondary mathematics and as such represented 
prototypes of what has come to be called ''modern” mathematics. 

The development of positive attitudes and interests with regard to ‘ 
the content of any subject matter area is usually one of the main 
instructional objectives emphasized by educo,tors and curriculum 
developers. This is because the pupil’s attitudes and interests 
directly affect, if not represent, the motivational basis for acqui- 
sition and performance in connection with the subject matter. These 
affective reactions also influence the individuals readiness or 
tendency to utilize the acquired knowledge and skills in appropriate 
future situations as well as* his disposition toward future instruction 
in the content of the subject matter areas. 

Developers and proponents of newer programs in mathematics have 
suggested that these programs might result in more positive pupil . 
attitudes and interests than the traditional prograias in mathematics. 
Such effects might be expected in part because of several objectives 
which guided the development of the experimental programs. Among 
these were (l) an attempt to provide more powerful general concepts 
and principles which have broader applicability and require less em- 
phasis on the development of specific manipulative and coraputational 
skills requiring monotonous and repetitive drill; (2) emphasis on 
active pupil participation in the learning process and "discovery 
learning”; (3) presenting problems and concepts in more meaningful 
and relevant situations and contexts. An indication of the outcomes 
in the area of pupil attitude anticipated for the newer programs in 
mathematics is provided in a recent statement by a noted mathematics 
educator ( 9 , p. 236). 

"Finally, another learning outcome, a noncognitive one, is 
* the appreciation and esthetic satisfaction that derives from 
the knowledge and use of mathematical concepts. One of the 
main points in favor of the contemporary conceptualization 
and teaching of mathematics is in its stress of discovering 
meaningful concepts as opposed to memorizing rules and pro- 
cedures. Perceptual-intuitive abstracting of concepts from 
physical situations, with unhurried calm, has motivated 
children to learn and enjoy the learning of mathematics. This 
will lead, on the part of many learners, to extended study of 
the subject.” 
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That these objectives might have been achieved is suggested by another 
mathematics educator in his characterization of the initial reac- 
• tions to one of the programs ( l 6 , p. 135). 

"Students who have used SMSG materials appear to have 
reacted very favorably. Since it began testing its 
sample textbooks 5 SMSG has obtained thousands of de- 
tailed reports on the experiences of teachers using 
the experimental versions of the textbooks. Each of 
the reports covered one chapter of one book. Among 
items discussed by these teachers were some concerning 
the attitude and behavior of the students in the 
experimental classrooms. , In overwhelming numbers, 
these teachers reported that students seemed more in- 
terested in studying mathematics ' than they formerly 
had been, and that classroom sessions were very stimu- 
lating and challenging to teacher and student alike. 

Given a choice, a great majority of these students 
stated that they would prefer to continue studying 
mathematics from SMSG materials." 

On the other hand, some evidence that the objectives with respect to 
pupil attitudes may not have been achieved to the extent intended is 
given in a report of a systematic study in this area carried out in 
connection with the SMSG program by Alpert, Stellwagon and Becker 
\ 2 ) • 

A secondary purpose of this project was to examine the relations among 
a number of attitude relevant variables and performance indices to 
obtain an indication of some of the factors that, in general, con- 
tribute to or affect the development of pupil attitudes and interests 

in mathematics in addition to or in conjunction with instructional 
program variations. 

The experimental programs were those developed for the ninth, tenth, 
or eleventh grade levels under the auspices of the Ball State Indiana 
Teachers College (Ball State); The University of Illinois Committee 

on School Mathematics (UICSM); and The School Mathematics Study Group ' 
( SMSG ) • 

The objectives of this project were thenj 

1. To determine the relative effects of each of several experimen- 
tal of "modern" secondary mathematics programs on the attitudes 
and interests pupils develop toward mathematics when compared 
to conventional programs otherwise in use. 

a) To make these comparisons on indices derived from overt, 
behavioral involvement and on self-report indices based 
upon expressed preferences, feelings, beliefs and Judg- 
ments concerning mathematics as a subject and an area 
of activity. 
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b) To include among the self-report indices those 
reflecting more general or global attitudes and 
those reflecting specific attitudinal dimensions 
or components such as the pupils’ perception of 
his ovra proficiency as well as attitude relevant 
factors such as learning difficulty. 



2. To examine both pupil sex and mathematics ability level as 
factors moderating the instructional program effects. 

3. To determine the nature of the relations among the various 
indices of mathematics attitudes and interests and indices 
of achievement. 



. Conceptual Considerations 

The assessment of attitudes and interests 



There are a variety of ways in which attitudes, interests, and affec- 
tive reactions in general can be manifested. In connection with educa- 
tional objectives, Krathwohl, Bloom and Masia ( 10 ) have made dis- 

tinctions between and characterized a range of affective reactions and 
have suggested various means by which such instructional outcomes 
could be observed and assessed. However, in general, the grossest dis- 
tinction is between engaging in behavior involving actual time and .. 
effort directed toward one of several alternative areas of activity 
and the symbolic expression of an affective reaction from which can 
be inferred a preference for or willingness to engage in that activity. 
The latter which is usually measured by the individual’s verbal report 
of his reactions, in terms of beliefs, judgments, preferences, etc,, 
does not in itself require any real behavioral commitment in terms of 
time and effort. 

Independent of the manner in which it is manifested, it is reasonable 
to assume that an individual’s more general affective disposition 
toward a given situation, event, etc,, is a composite or resultant of 
a number of more specific separate attitude relevant factors or elaments 
Although a general affective reaction might be conceived of as being 
at some point along an evaluative continuum, it probably reflects a 
number of underlying dimensions or components which differentially con- 
tribute to its resultant value. The underlying dimensions or components 
are likely to have developed independently, to be differentially 
affected by environmental events or conditions, and to contribute to 
variations (between persons within situations, and within persons be- 
tween situations) in the ways in which an attitude is manifested. It 
is possible that the not infrequently observed lack of a high degree 
of correspondence between separate indices of the same general attitude 
(i.e, of reaction to the same attitude object) is a result of fact that 



the separate indices do not tap to the same degree the separate 
underlying attitudinal dimens icns or elements. Consequently, 
investigation of the affective reactions pupils develop with 
respect to the content of a given subject matter area should con~ 
sider not only the general reaction but also the more specific 
factors that inay differentially determine the nature of the response • 
at the general level, that is, some of the dimensions of the more 
general resultant reaction. Observation of the more specific 
attitudinal factors or components provides the possibility of 
obtaining more sensitive indicators of the effects of instructional 
variations which might otherwise be masked if only a composite 
response were observed as well as the possibility of obtaining an 
indication of the basis for any general affective differences that 
are observed. 

The existence of component factors underlying a general affective 
reaction also suggests that no single overt behavioral indication 
of an attitude would necessarily be sufficient to detect attitudinal 
variations that can occur along several dimensions. It would suggest 
rather that observation of attitudinal effects be made in several 
situations which vary somewhat in the type and nature of the involve- 
ment they require. 

Consequently to assess a broad range of possible outcomes which would 
provide a maximal opportunity for any distinctive attitudinal 
effects resulting from the experimental programs to be indicated, both 
types of attitude and interest indices were used in this project; 
overt behavioral indices based upon the individuals actual involvement 
in activities representative of a positive attitude or interest in 
mathematics, and indices based upon the individuals subjective ex- 
pression of feelings, beliefs, judgments, and preferences concerning 
mathematics as a school subject and as an individual skill and an 
area of activity. 

Other differences between these two types of indices were also rele- 
vant to their use in this project. Attitude indices based upon actual 
behavioral commitment or involvement are often considered to be more 
objective and intrinsically valid, bn logical grounds at least, than 
expressed reactions. However the kinds of situations in which behavioral 
indications of attitude could be obtained usually pepnit only a gross 
distinction as to the intensity of the attitude, i,e, differentiating 
between those who respond in the direction of involvement and those 
who do not. Indices derived from expressed reactions on the other 
hand,because they are constructed to yield continuous values, usually 
permit finer distinctions along a continuum of attitude intensity and 
thereby provide a more sensitive assessment of attitude differences. 

For related reasons, it was also easier to develop indices focused 
explicitljr on some of the more specific underlying attitude dimensions 
using expressed reactions rather than locating or constructing overt 
behavioral situations to reflect a snecific attitudinal dimension. 




Another methodological consideration was the degree to which the 
attitude indices being used reflected pupil attitudes and character- 
istics other than those of primary concern. The attitudinal factors 
of main concern were those which reflected most clearly the pupil’s 
affective reaction to the subject matter content of mathematics as 
such, that is the reaction to those qualities and characteristics 
most distinctively associated with mathematics content either as a 
school subject or as a focal activity in or out of school. 

With reference to the motivational basis for an individuals' overt 
participation or involvement in a certain area of activity, a dis- 
tinction has often been made between intrinsic and extrinsic interest 
Intrinsic interest in an activity is usually defined in terms of the 
extent the individual will choose to engage in the activity independ- 
ent of the implications or outcomes of such actions or participation 
beyond the satisfaction derived from so doing i In brief, an indica- 
tion of preference for an activity because of the nature of the acti- 
vity itself. In contrast, extrinsic interest refers to participation 
in an activity to the extent that such participation is expected to 
facilitate a separate objective or goal, i.e* the participation being 
a means to an end rather than an end in itself. In these terms in- 
trinsic interest would seem to represent one of the main motivation- 
ally relevant objectives of an instructional program in that it 
refers to the pupils reaction tp the instructional materials and 
subject matter content as such. Applying this distinction to pupil 
interest in the content of various school subjects, a pupil could be 
considered to have stronger intrinsic interest in a given subject 
to the extent that he engages in activities invalving the content or 
skills representative of that subject when doing so provides no 
tangible external rewards, e.g. higher grades, praise from teachers, 
etc. Therefore, in connection with the procedures and observations 
used to obtain, indices of actual beha^vioral involvement, an attempt 
was made to minimize the effects of such extrinsic factors on pupil * 
response. 

Similar considerations were also required for the self-report indices 
of attitude and interest derived from expressed reactions. The main 
objective of the study presumed the existence of at least a general 
affective reaction factor which was measurably independent of other 
logically distinguishable pupil characteristics that have been 
frequently observed to be major dete?miinants of pupil behavior. 

General academic ability or proficiency as indicated by achievement 
tests and grades and academic achievement motivation in the sen.se of a 
positive attitude toward school and school achievement are two such, 
individual difference factors which have frequently been found to 
account for a large amount of variation in pupil behavior in the 
school situation. The latter factors were likely to be reflected in 
and related to the mathematics attitude indices in terms of which the 
instructional program comparisons were to be made. It was necessary ' 
therefore to make the comparisons taking into account and contro.lling 
for the effects that might result from pupil differences on these 
related concommitant factors. * This was accomplished for the most part 












"through "th© "typ© of s"ta"tis"tical ana,lys©s us©d "to niak© "th© compari- 
sons, In this r©gard, it was assum©d that these factors represented 
, pupil .abilities and past experiences as they existed at the beginning 

of the school year and as such would be reflected effectively to the*^ 
degree in both pre and post indices of mathematics attitudes, 

** Taking into account in the analyses variations on the premeasure of 

a given attitude index would thereby control for the effects of 
these and related factors, 

A similar question at a different level also existed for the several 
specific attitude and interest indices (as contras.ted to more general 
or global indices of interest) which were developed within the pro- 
ject to measure the more specific component attitudinal dimensions. 
One aspect of this question which is more evident for these indices 
concerns the extent to which they were assessing empirically inde- 
pendent attitudinal factors or dimensions. Since these indices were 
developed within the project, it was possible to minimize their re- 
flecting common factors through procedures used in their development. 
Nonetheless some consideration was given to this question which" 
essentially concerns the construct validity of the various indices 
that were used. 



2, Instructional progr^ effects 

Diff’si’snces observed on an attitude measure between experimental and 
conventional (E and C) class pupils when the initial characteristics 
of pupils in the alternate instructional groups were equated, either 
statistically or othervdse, could be attributed to differences in 
the instructional conditions or experiences of the separate groubs of 
pupils. Even though the instructional materials represented the main 
difference between the alternate groups and the design required that 
the same teachers instruct both experimental and conventional classes, 
other atcituae relevant instructional factors or conditions may have 
differed in some consistent or systematic way to contribute to or deter- 
mine attitude differences between experimental and conventional class 
pupils. Among the factors or conditions that might vary with the in- 
structional materials were those that could have a direct and those 
that could have an indirect effect upon pupil attitudes, " The direct 
effects would be those resulting from the pupils’ interaction vdth the 
materials, as such, relatively independent of other factors in .the in- 
structional situation. That is those qualities and characteristics 
of the materials which, as- they are used by the pupils , influence the 
pupils' amctive reactions or attitude toward mathematics. Among these 
might be such characteristics as novelty, ease or difficulty of compre- 
hension, or linkage of the content to areas of relevant application for 
the pupil. The indirect effects would be those that resulted from 
changes in other instructional factors or conditions that were more 
directly affected by the instructional materials being used. Teachers’ 
attitudes toward the materials, their grading practices, or their demands 
upon pupil performance if they varied between E and C classes could be 
possible sources of such indirect effects. Tlie assertion of those 
suggesting that the newer curricula might make a greater contribution 
to attitudes toward mathematics appears to imply that such outcomes 




9 




are primarily the result of direct rather than indirect effects. Con- 
sequently, in the analysis consideration was given to and a distinc- 
tion made between factors that might represent direct and indirect 
effects of the instructional materials, Among the former, data con- 
cerning pupil judgments or reactions to the materials were gathered 
and among the latter, infomation concerning teacher* s attitudes 
toward the materials and pupil grades were obtained. From a methodo- 
logical point of view, however, because of their interaction over 
time and because these effects would not be independent, it could be 
difficult to determine the order of effect or causal sequence for 
such concommitant factors with respect to attitudinal outcomes. 

In addition to the question of the general effects or differences 
for the experimental programs being examined, there is also the 
question of possible variations in effects or outcomes under different 
instructional conditions or for different subgroups of pupils. This 
is a question of factors or conditions that might moderate the effects 
of the various instructional materials. Among the factors considered 
as moderator variables were such pupil characteristics as sex and 
level of mathematics ability as well as the amount of teacher experience 
with the experimental program. This set of factors should be dis- 
tinguished from those considered previously as conditions affecting 
or mediating the attitudinal outcomes in that differences for the 
latter variables arise during the instructional period while those 
characterized as moderator variables represent conditions existing 
prior to instruction. The causal sequence of effect for the moderator 
variables would be more evident while the order or direction of effect 
for conditions occurring or at least observed during the. instructional 
period could only be inferred in conjunction with certain assumptions. 



GMERAL METHOD 



Sample 

The classes included in this study were those available as part of a 
more extensive field study of the effects on achievement of several 
experimental programs in secondary mathematics, ^ In connection with 
the achievement study, teachers taught two participant classes at the 
same grade level, one with one of the experimental programs, the other 
with the usual conventional program. 



^ Study of Secondary Mathematics Curricula , Supported by a grant 
(G25164) from the National Science Foun^d^^ Paul C, Rosenbloom, 

Project Initiator 



The participant teachers were in schools distributed over a five 
state area, Minnesota, Iowa, Wisconsin, North Dakota and South 
Dakota. The greatest majority were in less populated communities 
rather than the larger metropolitan areas in this region. Partici- 
pation was voluntary on the part of both teachers and school ad- 
ministrators, In addition to using the alternate programs in the 
two classes, participation in the achievement study consisted of the 
administration of designated mathematics achievement tests to both 
classes at the beginning and end of each school year. Teachers 
initiated, and in a certain proportion of cases continued, their 
participation during any of four successive school years from 1962-63 
through 1965-66. Except for a sample of ninth grade classes of 
teachers participating during 1962-63, included in the follow-up 
enrollment study, the classes were those of teachers participating 
in the 196I4-65 and i 965-66 years. 

Because the achievement evaluation project being carried out with 
the experimental materials had been underway for several years, 
•teachers participating in the 196^1-66 years had varying amounts of 
previous experience with the experimental program they were using. 

Also because of the voluntary nature of their participation, there 
were a different number of teachers using each experimental program 
and, therefore, the number of pairs of E and C classes, as well as 
the ni^ber of previous years experience the teachers had with the 
experimental program, varied among the experimental program compari- 
son conditions. 

The project focused mainly on programs and classes at the ninth grade 
level although for one study observations were also made among tenth 
and eleventh grade classes. 

As part of the procedure involved in participation in the achievement 
evaluation project, principals and teachers had been requested to 
assign pupils to the alternate classes on a random basis. That this 
was not accomplished for a few of the classes, inadvertently or other- 
wise, vras evident from the distribution of initial achievement test 
scores. In the samples of classes for vrhich this was evident, these 
classes were not included in the related analysis. The classes 
generally however, did represent a fairly wide range in level of mathe- 
matics achievement at the beginning of the year. 



B, General Procedures 

To obtain the necessary observations and indices several separate 
samples of classes were used. The main reason was to avoid making too 
many demands with respect to data gathering procedures on any one ^set 
oi* ^s^-chers or classes. Also, however, for some classes it was 
possible to gather only certain kinds of data and in some instances it 
was desirable to avoid confounding the possible effects of separate data 
gathering procedures. 
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The project consisted then of a number of semi-independent studies 
for which there was some overlap with respect to the classes from 
which the data was gathered. For each of the different studies 
which ‘differed usually in the type of attitude indices used, there 
were differences in the class samples and in the procedures for 
data gathering and analysis. Consequently, the specific character- 
istics of the -sample of classes, the specific data gathering and 
analysis procedures that were followed, and the results obtained 
will be presented separately below in connection with each study. 

The general procedures followed for each of the studies consisted 
of: . . 

(1) Identifying teachers (and schools) at each grade level partici- 
pating in the achievement evaluation project by teaching one 
class with one of the E programs and a separate class at the 
same grade level (i.e. concerned with the same mathematics 
subject) with the conventional program that was otherwise 
being used by that teacher, 

(2) Contacting both the principal of the school and the participant 
teacher to '(a) provide a general characterization of the pur- 
pose of the study (in terms which did not suggest any between 
class or school comparisons or evaluations) (b) to outline the 
data gathering- activities and procedures that would be required 
and (c) to request their cooperation and assistance with the 
gathering of data, .Appropriate assurance was provided concerning 
the confidentiality of the data and that neither pupils, teachers, 
nor schools would be identified in reports of results. Only a 
small proportion of schools or teachers were unwilling to cooperate 
in any of the studies 

( 3 ) Providing the actual da-ta gathering" materials with whatever pro- 
cedures and instructions were necessary for so doing. 

In connection with procedures for some of the studies additional informa- 
tion was obtained or subsequent contacts were made with the appropriate 
school personnel to check on the extent to which the procedures were 
adhered to. In almost every instance, the participant teachers or school 
personnel were found to have followed the instructions and procedures 
very closely. 

Table X shows the grade levels, the number of teachers (i.e, pairs of 
classes) in each experLmental program comparison condition and the year 
of participation for" each" of the separate studies which have been 
characterized in terms of the type of attitude index used. 




TABLE 1 



Description 


of Grade 


Level, Year and Humber 


of Class 






Pairs 


in each Study 














Number 


of Class 


Pairs 








In E Program Condition 


Type of 


Grade 


Years Instr. 


Ball 






Attitude Index 


Levels 


V/ith E Progr. 


State 


UICSM 


SMSG 


Request for matheraatics 


9 


{ 


3 


2 


5 


activity bulletin 


10 


{ 1964-65 


5 


2 


17 




11 


{ 






12 


Library reading 












- in schools receiving 
additional materials 


9 


1964-65 


4 


3 


h 


- in schools not re- 
ceiving additional 
materials 


9 


1964-65 


7 


6 


13 


Subscription to 


• 










Mathematics Student Journal 


9 


1964-65 


2 


3 


4 


Enrollment in advanced 
mathematics 












- Study I 


9 


1962-63 


7 


5 


9 


- Study II 


9 


1965-66 


4. 


.6 


7 


,'?t.ionnaire, self-report 








• 




irst year 


9 


1964-65 


11 


9 


17 ■ 


- Second year 


9 


1965-66 


5 


. 6 


5 


C., Exuerimental materials 




% 






• 



The experimental materiaJ.s used in the alternate experimental classes 
were those developed under the auspices of the Ball State Indiana 
Teachers College^ The University of Illinois Comittee on School Mathe- 
matics (UICSM), and the School Mathematics Study Group (SMSG), The 
specific ninth grade textbooks for each of these programs were respec- 
tively: Algebra I by Brumfiel, Eicholz and Shanks, Addison-V/eslcy, Mass. 
1961; High School Mathematics Units 1-h. Revised' Edition. Illinois 
Coramittee on School Mathematics, University of Illinois Press, Urbana. 
111., 1962; First Course in Algebra . School f^athematics Study Group, 
Yale University Press, Hew Haven, Conn., 19^2. These programs are for 
the most part prototypes of what has been commonly characterized. as 
"modern" mathematics. 
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INSTRUCTIONAL PROGRAM EFFECTS INDICATED BY SELF-REP<^RT 
INDICES OF ATTITUDE AND INTEREST 

This facet of the project was directed toward providing an assess- 
ment of a broad range of possible attitudinal effects which on 
logical grounds appeared likely to be influenced by the alternate 
programs and/or related conditions of instruction. These effects 
were examined using self-report indices measur'ng both the general 
affective reactions of pupils as well as more specific attitude and 
interest components and factors and other rttitude relevant condi- 
tions. 

The procedure followed was to administer quescionnaires including 
the various indices at the beginning and end of the school year to 
pairs of ninth grade algebra classes taught by the same teachers, 
one class with one of the several experimental programs, the other 
with the teacher’s conventional program. 

Comparisons were made between pupils in classes receiving the alter- 
nate instructional programs in terras of their questionnaire responses. 
Since these effects could vary with other conditions of instruction 
or pupil or teacher characteristics; pupil sex, measures of achieve- 
ment and grades in ma'^'-hematics, pupil judgments of relevant instruc- 
tional conditions, and teacher experience with, and evaluation of, 
the experimental programs were considered in the analysis. 

This study was carried out for each of two separate years with data 
being gathered from separate samples of pupils each year. The pro- 
cedures and results for each year will be presented separately. The 
first year study included a larger sample of classes (and teachers) 
in each of the three experimental program coxmparison conditions. 

The second year study was intended as i-eplication of the first year 
study with some modifications in the measuring instioiments and the 
analysis design. It was carried out to determine the generality of 
the results obtained from the first year study and to enable more 
direct tests of hypotheses generated from the results and analysis 
of the first year data. 

First Year Study 

Method 



Sample and data gathering procedures 

The sample from which data was gathered consisted of 37 pairs of 
classes receiving instruction in ninth grade algebi’a during the I96U-65 
school year; each pair being taught by the same teacher in connection 
with his participation in the project investigating the achievement 
effects of the experimental programs which was described above. 

Initial achievement scores obtained for the classes as well as 
questionnaire information from the participant teachers provided an 
indication that five homogeneously grouped classes (some high, some 
low ability) among those that would otherwise be included in the data 



analysis sample# Since such grouping could in itself be a source 
of certain differential attitudes and reactions between a pair of 
classes, both classes (E and C) for teachers having a homogeneously 
grouped class were, therefore, eliminated from the analysis directly 
concerned with the instructional effects. Four of these teachers 
were using the SMSG program and one the Ball State program. 

Table 2 shows the number of teachers included in the analysis 
sample following each expex'imental program in their E class and 
the number of previous years experience with that program. 

Table 2 



Number of Teachers Following Each E Program and the 
Number of Previous Years Experience With That Program 



Number of 
Previous Years 


Ball State 


UICSM 


SMSG 


Total 


2 


5 


2 


2 


9 


1 


h 


k 


U 


12 


0 


1 


3 


7 


11 


Total 


10 


9 


13 


32 



Principals and teachers were contacted at the beginning of the school 
year and requested to cooperate in the data gathering aspects of this 
project. Upon indication of their willingness to do so, principals 
were requested to make arrangements for the questionnaires to be ad- 
ministered in the two mathematics classes by someone other than the 
teacher (preferably an administrator or counselor). Forms filled out 
by those administering the questionnaires indicated that they com- 
plied with this request in every instance. 

The questionnaires incorporating the various measuring instruments 
were distributed to the schools for administration approximately 5-6 
weeks after the beginning of the fall term. Most were administered 
within a week after their receipt. Revised questionnaires were again 
distributed for administration following the same procedure within 
the last two or three weeks of the spring term, 

InstruTflentation 

Att itude and interest indices 

Data was obtained on a number of separate indices of attitudes and 
interests in mathematics which v^ere based upon pupils' expressed 
feelings, preference, judgments and/or beliefs concerning mathematics 
as a school subject or as an area of activity. 

The self-report indices were of two types; those previously developed 
outside of the present project which appeared to represent measures 
of a pupil's more general or global interest in mathematics and those 



developed within the present project to measure more specific com- 
ponent dimensions or factors underlying the attitudes toward or the 
interest in mathematics. The latter were developed to as«“ess 
certain specific logically independent attitude or interest relevant 
factors or attitudinal components that seemed likely to be affected 
by variations in instructional conditions and which, consequently, 
might contribute differentially to the pupil's overall affective re- 
action or general attitude or interest with respect to mathematics,. 
The instructions and items for each of these indices are shown in 
Appendix A , 

The two previously developed measures of general interest in mathe- 
matics were the following: 

The Aiken Mathematics Interest Seale (A scale), a twenty item 
Likert type scale in which the respondent indicates from among 
five alternatives, ranging from "strongly disagree" to "strongly 
agree", the extent of- agreement with each of the statements 
provided concerning mathematics. The responses are logically 
keyed with response weights from 1 to 5 in the direction of a 
positive attitude toward mathematics. This scale was developed 
and reported by Aiken ( 1 ), 

The Dutton Mathematics Attitude Scale (D scale), is a twenty-one 
item Thurstone type scale developed and reported by Dutton (8 ) 

This scale is made up of statements representing varying degrees 
of positive and negative feelings, opinions or judgments about 
mathematics. The statements have weights determined by an a 
priori scaling procedure using judges familiar with the attitude 
or interest dimension being measured. Respondents were instruc- 
ted to indicate those statements with which they most strongly 
agreed. Their score was the average of the weights of the items 
they selected. 

Indices to measure the more specific factors or components of mathe- 
matics attitudes and interests were developed in the following way. 
Questionnaire items were constructed to obtain judgments , perceptions , 
feelings or reactions reflecting each of a number of attitudinal 
dimensions or attitude relevant instructional factors. These items 
were included in the questionnaire with the same response format being 
used for each item. 

Following administration of the questionnaire, responses to each item 
were intercorrelated and the resulting correlation matrix factor 
analyzed using a principle components solution rotated to Kaiser's 
normal vari-max criterion. The correlations and factor analyses were 
used to identify items among those constructed for each of the indices 
that had similar factor loading patterns^ and that would provide the 



2 It should be pointed out that the orthogonal factors resulting from 
the factor analysis were not used directly to define the attitude dimen 
sions to be raeasuied by the items nor was any construct interpretation 
of these factors attempted. 



highest intrascale and lowest interscale correlations. This re- 
sulted in some items being excluded from the indices for which they 
were constructed and some intended indices being dropped from fur- 
ther consideration because the items were found not to be suffi- 
ciently independent of those in other indices to warrant considera- 
tion as a separate dimension, 3 The items included in each of the 
resulting indices were those exhibiting higher intrascale item 
correlations and factor pattern similarity than those in alternate 
indices. Each indices also gave evidence of reflecting factors 
sufficiently independent of other indices to be considered a separ- 
ate dimension. The item analysis and index development activities 
were carried out for items included in both the beginning and end- 
of-year questionnaires. The analysis of the initial set of 
questionnaire items provided the basis for revision of some items 
and development of additional’ items to obtain more adequate indices 
from the end-of-year questionnaire. 

The following are the indices developed from the questionnaire 
items to measure more specific attitude and interest factors. 

Intrinsi c interest - Consisting of items concerned with the 
degree of interest in or preference for activities involving 
or requiring the use of mathematics. 

This scale represented an attempt to get at the aspect of interest 
that derives from the pupils* reaction to mathematics materials and 
activities as such in contrast to an interest that derives primarily 
from performance, competency, or general achievement motivation 
factors. That is, the degree of preference for mathematics activities 
independent of extrinsic factors. Items in this index asked explicitly 
about the pupil *s level of interest, and such things as how much he 
liked doing homework or extra reading in mathematics. 

Perceived knowledge - Items concerned with pupils* judgment 
about his own knowledge or proficiency in mathematics. This 
index included items requesting the pupils* judgment of his 
own proficiency relative to other pupils as well as in absolute 
terms, 

A pupil* s conception of his own proficiency in a given subject matter 
area has often been suggested as a factor relevant to subsequent achieve- 
ment , Recent evidence presented by Brookover (5 ) • provides direct 

support for this contention. 

Perceived utility - Items concerned with the extent to which know- 

■! i m_ j 111 rj ■■■■ iC, 

ledge of mathematics was seen as facilitating achievement of the 
pupils future goals and objectives, that is *'how useful or important” 
they felt knowledge of the subject was for what they wanted to do 
later on , 



3 One of these was an index of ''perceived gain in knowledge” the items 
for which could not be distinguished from those in an index measuring 
"ease of learning,” 
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This index was included in part hecause studies of factors under~ 
lying social attitudes have suggested that perceived instrumentality 
of utility of the attitude object for achieving valued goals or ends 
is a relevant factor influencing the intensity of the attitude. 

(See Rosenberg (l2 ).) In addition, mathematics is often conceived 
of as a skill which is acquired primarily for practical purposes. 

This is a characteristic which might be less apparent in the "modern” 
experimental as compared to the conventional mathematics programs. 

Experienced ease or difficulty learning - Items concerned 
with the ease or difficulty the pupil experienced learning 
and understanding the material presented in the mathematics 
class. 

Although not obviously an attitude dimension, the pupils* subjective 
impression of the ease or difficulty experienced in conjunction with 
the required learning tasks is reasonably a factor quite relevant to 
the pupil’s affective reaction to that subject. 

In addition to the items comprising the scales providing direct measures 
of pupil attitudes and interests, items were also included to obtain 
indices of instructional factors and conditions which could possibly 
influence, but less directly reflect, attitudinal effects. Some of 
these items were incorporated into multiple item scales, others were 
used as single items. Among these was a multiple item index concern- 
ing the amount of homework the pupil engaged in for his mathematics 
class, i.e., an index of expended effort. 

Single item indices concerned with how well the pupil liked the teacher 
and judgments about the ease of understanding and usi^ their texts 
were also included. The textbook item was included to obtain a direct 
pupil reaction to the experimental materials used in the classes. 



ii. Response Format and Index Scores 

Each of the items included in the above indices was constructed to 
obtain a response on a graphic scale having appropriate labels at points 
along the scale which in effect defined the dimension of response. 

Since the same response format was used for all items, the items pre- 
pared for the separate indices were included in the questionnaire as a 
single set of items following the same response instruction. Pupils 
were instructed to respond to each item for each of the academic 
subjects they were taking (which were designated as mathematics, English, 
social studies, science, and foreign language). P'or each item, the 
pupil’s response for each subject was made on the same scale that 
accompanied that item. This form of response permitted each item to be 
scored for a given subject such as mathematics in two ways; (l) in 
terras of actual scale units for that position on the graphic scale 
(g - s) and (2) in terms of the rank position (r - p) for that subject 
relative to the pupils' other subjects. (Instructions to the pupils and 
the item format are sho\m in Appendix A ) 
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One reason this procedure was followed was to eliminate certain types 
of response bias such as have been characterized as "response set" 
and/or "response style." (See Rorer (n ),) Another consideration 
was that a more objective frame of reference, which was relatively 
common or standard for all pupils, would be provided by having pupils 
respond with respect to several subjects in addition to mathematics. 

In short, then for each index two scores were obtained; one based 
upon the graphic scale value of the response to each item, the other 
score indicating the relative position for mathematics compared to 
other subjects for each item* 

iii* Other measures 

Measures of pupil achievement or proficiency in mathematics were also 
obtained. At the beginning and end of the school year, the mathe- 
matics section of the Sequential Tests of Educational Progress (STEP), 
Level Two, (li^) was administered to all classes in the sample. The 
pupils average grades in mathematics for the previous year, eighth 
grade, and the concurrent year, ninth grade, were also obtained for 
Approximately 80 percent of the classes in the sample. 

One factor in the instructional situation that could affect the pupils* 
attitudes in addition to the materials used, was the teacher's atti- 
tude or judgment concerning the materials. To assess this factor a 
questionnaire was prepared requesting on a number of specific items, 
the teachers judgments, feelings, and their characterization of the 
experimental programs they were teaching. Thirty-five of the thirty- 
seven teachers in the sample returned completed questionnaires. This 
questionnaire provided a basis for classifying or scoring teachers in 
terms of their relative attitudes and judgments about the instructional 
programs which could be examined for their possible correspondence 
with the resultant pupil attitudes. 



c. Method of Analysis 

*»«*w*i>«*— «» ^ ■ssg*i»iJicipe»aMwi» 

Pupils in classes instructed with the separate experimental programs 
were compared with those in classes instructed by the same teachers 
with a, conventional program. Each teacher, therefore, had an E and a 
C class. Since the main question concerned changes or effects 
occurring over the school year, it was necessary to take into account 
the pupils* initial level as observed at the beginning of the school 
year on each of the outcome variables being considered. This was done 
by blocking on levels of the premeasure of the dependent variable being 
analyzed and treating the premeasure as a separate factor in the analysis 
design which also provided an adjustment for initial differences between 
comparison groups. To make these comparisons a four-factor partially 
hierarchal analysis of variance design was used. The four factors were 

1. The program used in the E class - the E program comparison 
condition. Each teacher used one of three E programs. Ball 
State, UICSxM or SMSG. 

2. The instructional treatment - whether the class was receiving 
instruction with an E or a C program. 
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3. The premeasure control for the dependent variable - two 
levels determined by the median of the overall distri- 
bution of scores were used. 

The teacher - teachers were nested within the alternate 
E program comparison conditions • 



The instructional treatment and premeasure (or control) factors were 
crossed with each other and with the teacher and E program factors, 

A mixed effects model j with teachers being the single random variable j 
was used with an unweighted means method of analysis. Use of the un- 
weighted means solution was required because of the varying proportions 
of pupils in each class falling in the alternate levels or blocks for 
the premeasure as well as the different numbers of pupils in each class. 
The latter factors also necessitated adjusting the within-cells error 
estimate for the unequal frequencies within these cells. 

The layout, format model, expected values for the mean squares and de- 
tails for this analysis design are shown in Appendix B, 

Although there was a different number of teachers in the sample follow- 
ing each of the experimental programs, to assess the teacher effects, 
the analysis design required that an equal number of teachers be 
represented within each E program condition, i,e, each nested level. 
This meant that some selection be made among the teachers in the E 
program conditions having the greater number. Another condition of 
selection was also necessary due to the rather wide range of class 
differences observed for many of the premeasures which resulted in some 
classes having too few pupils in either the high or low levels or blocks 
on the premeasure to fit the minimal conditions for analysis. Both of 
these conditions were met by selecting in equal numbers, within each E 
progr^ condition, those teachers having classes for which the cell fre- 
quencies were above the minimum necessary and which exhibited the most 
balanced proportions with respect to the alternate levels on the pre- 
measure, This determination was made separately for the analysis of 
each of the dependent variables, i,e, each of the attitude and interest 
indices, since for each a different premeasure was used. Scores defining 
the two levels or blocks for the premeasure control variable were es- 
tablished by the median of the distribution of scores on this variable 
obtained by pupils in all classes, 

Anong the sources of variation in the four factor analysis design, the 
treatment main effects and several treatment interactions; program by 
treatment, treatment by premeasure and treatment by teacher were of 
primary interest. The treatment main effects represented the degree to 
which there were E - C differences over all three E program comparison 
conditions. The treatment by program interaction indicated variation in 
the E - C differences among the alternate E program (treatment) condi- 
tions while the treatment by premeasure interaction indicates a variation 
in the E - C difference between pupils having higher and lower scores on 
the premeasure. 
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T1i6 program and. prcmaasur© mam 6ff6cts W6r© of loss intorost# A 
reliabl© program main ©ffoct would indicat© that thor© wer© gonoral 
difforoncos, as rofloctod in both E and C classos, betwoon th© 
soparat© sets of teachers using each E program. A reliabl© pre- 
measure main effect would usually be expected since this would indi- 
cate that the differences existing at the beginning of the year on 
a given measure persisted through the year. 

The teacher main effects were also of somewhat less concern since 
they reflect general teacher differences (within E program condi- 
tions) common to bpth E and C classes and do not, therefore, have 
any clear implication for the treatment effects. The treatment by 
teacher interactions were, however, given some consideration in that 
they would indicate differential treatment effects among teachers. 

The four-factor analysis was carried out across all E program com- 
parison conditions to determine the nature of the general instruc- 
tional treatment effects common to all E programs, and to determine 
if there were reliable variations in the E - C differences between 
programs. It was however of equal interest to examine the instruc- 
tional treatment effects for each of the separate E programs. 

For each of the E program comparison conditions, a three-factor 
analysis was also carried out following essentially the same analysis 
desip as used across all E programs. For the three-factor analysis 
within the E program comparison conditions, the three factors 
(instructional treatment ^ premeasure and teacher) were crossed and a 
2 X 2 X t factorial design vrith t representing the number of teachers 
was used. Here again teachers were treated as a random variable. The 
formal model, expected values for the mean squares and details for this 
analysis design are shown in Appendix B , 

For some variables the analysis was carried out for males and females 
separately as well as for the sexes combined, • 



Results 



Instructi onal program differences on attitude and interest indices. 
Indices of general interest in mathematics . 

The means (unweighted for classes) obtained at the end of the year for 
E and C class pupils in each E program comparison condition on 
the .Aiken Mathematics Interest Seale and the Dutton Mathematics Attitude 
Scale are shown in Tables 3 and , respectively, 



For bph of these measures, the four— factor analysis of variance con- 
sidering all program comparison conditions was carried out. It was 
found, ho"wever, for both measures that one of the homogeneity of variance 



TABLE 3 






Aiken Mathematics Interest 


Scale: 


Mean Scores 


for Pupils 


in E 


and C Classes 


All pupils 9 pairs S and 


C classes in each E program condition. 




Treatment 




i 






C 




E Premeasure 

Program level 


^ low 


high 


ave. 


low 


high 


ave. 


Ball State. 


2.87 


3.69 


3.28 


3.03 


3.90 


3.46 


UICSM 


2.96 


3.71 


3.34 


2.77 


3.90 


3.33 


SMSG 

Average 
all programs 


2.72 


3.73 


3.23 


2.91 


3.72 


3.32 


2.85 


3.71 


3.28 


2.90 


3.84 


3.37 


Males 5 pairs E end C cla 


sses 












Ball State 


3.04 


3.69 


3.37 


2.99 


3.77 


3.38 


UICSM 


2.96 


3.96 


3.46 


3.17 


3.79 


3.48 


SMSG 

Average 
all programs 


3.06 


3.72 


3.39 


2.85 


3.93 


3.39 


3.02 


3.79 


3.40 


3.00 


3.83 


3.41 


Females 7 pairs E and C classes 












Ball State 


2.86 


3.29 


3.06 


2.84 


3.73 


3.31 


UICSM 


2.93 


3.79 


3.36 


2.56 


4.11 


3.33 


SMSG 


2.73 


3.61 


3.17 


2.78 


3.80 


3.29 


Average 
all programs 


2.84 


3.56 


3.20 


2.72 


3.89 


3.31 
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TABLE It 



Patton Mathematics Attitude Scale ; Mean Scores for Pupils in E and C Classes 
All pupils 8 pairs E and C classes in each E program condition. 



Treatment ^ £ 



E 

Program 


Premeasure 
level low 


high 


ave. 


low 


high 


ave. 


Ball State 


5.10 


6 . 6 o 


5.85 


5.02 


6.85 


5.94 


UICSM 


5.19 


6.56 


5.88 


4.85 


6.81 


5.83 


SMSG 


1 ^. 5 ^ 


6.92 


5.73 


4.87 


7.38 


6.13 


Average 
all programs 


li.95 


6.70 


5.82 


4.91 


7.02 


5.97 


Males 7 pairs 


E and C classes 












Ball State 


5. In 


6.97 

• 


6.19 


5.55 


6.96 


6.26 


UICSM 


5.25 


6.72 


5.99 


5.23 


6.56 


5.90 


SMSG 


5.33 


6.79 


6 .o 6 


5.36 


6.87 


6.11 


• Average 
all programs 


5.33 


6.82 


6.08 


5.38 


6.80 


6.09 


Females 7 pairs E and C classes 












Ball State 


1*.58 


6.32 

1 


5.45 


4.80 


6.70 


5.75 


UICSM 


5.22 


6.22 


5.72 


4.18 


7.00 


5.59 


SMSG 




6.09 


5.21 


4.67 


6.44 


5.56 



5M 



Average 
ail programs 



k.n 6.21 



n.55 6.71 



5.63 




assumptions'* was rejected. This precluded an appropriate test of the 
treatment effects with the design which included all E program condi- 
tions. Consequently, only the analysis within each of the E program 
comparison conditions with the three-factor analysis of variance design 
was used to obtain an indication of the instructional treatment effects. 

The results of the separate analysis for each E program comparison 
condition for each sex separately and combined are shown in Table 5. . 

For the Aiken Scale, the analyses within each program comparison con- 
dition for all pupils indicated no significant instructional treat- 
ment main effects. For the UICSM comparison a significant treatment 
by premeasure interaction was obtained. The analyses within the 
UICSM program comparison for males and females separately indicated 
that this effect was highly significant for girls but non-significant 
for boys. A test of the E - C differences for UICSM girls within each 
of the initial interest levels showed that in the low interest level 
the E class mean was reliably higher (F = U.4, p < ,05) than that for 
the C classes, but that for those having initially higher interests, 
the difference in favor of the C class girls did not quite reach the 
,05 level of reliability (F = 3,2, ,05 < P < .10), 

For the analysis within each E program condition for the Dutton scale 
the only reliable treatment effect observed was a treatment by pre- 
measure interaction for girls in the UICSM comparison. As was observed 
on the Aiken scale, among girls having lower interest scores at the 
beginning of the year, those instructed with the UICSM program had 
higher post instruction scores than those in the C classes while the 
difference was in the opposite direction for those having higher pre 
instruction interest scores, A test of the differences between each 
E - C mean within the premeasure levels indicated that for the lower 
level the E class mean was reliably greater than the C class mean 
(F = 11,1, p < ,01) while for the higher level, the C class mean was 
reliably greater (F = 6,1, p < ,05) than that for the E class. 

The scales providing a more general or global measure of mathematics 
interest did not reveal any consistent overall differences between 
pupils instructed with any of the experimental programs and those in- 
structed with conventional programs. 

The only statistically reliable program differences were observed for 
girls in the UICSiM comparison. On both the Aiken and Dutton scales, 
among girls having initially lower interests, those in UICSM classes had 
the higher mean interest scores while for girls with higher initial in- 
terests those in the comparison conventional classes had the higher 
means. 



^ The homogeneity of variance assumption was that for the teacher by 
treatment interaction terra required for the treatment effects test 
which indicated that there was a significant (p < ,01) difference 
among the separate within E program condition variances that for 
the four-factor design had to be pooled to estimate this interaction 
effect. 



TABLE 5 

F-ratios From the Analysis of Variance for the Ai?:en and Dutton Scale 
Scores Within Each of the E Program Comparison Conditions 



E 


Source of 


All 


Aiken 


All 


Dutton . 


Program 


Variance 


d.f. Pupils 


M 


F 


Pupils 


M 


F 




Treatment 


1 3.0 


0.0 




.3 


0.0 


1.0 




Premeasure 


1 88. 


27 . 5 *** 


25 . 7 *** 


105 . 4 *** 


31 . 7 *** 51 . 5 *** 




Tr X Pre 


1 0.0 


.2 


3.7 


.5 


.1 


.1 


Ball 


Teacher 


(t-l)“ 1.5 


1.4 


2.6 


1.9 


2.8* 


1.1 


State 


Tr X Te 


(t-i) 1.8 


.7 


2.0 


.5 


1.4 


1.4 




Pre X Te 


(t-l) 1.3 


1.2 


.7 


.3 


.5 


.6 




Tr X Pre X Te (t-1) 2.8«* 


.9 


1.2 


1.9 


1.8 


1.8 




Error MS 


.056 


.092 


.128 


•210 


CO 

CO 

• 


.451 




df 


327 


91 


109 


298 


109 


131 




Treatment 


1 0.0 


0.0 


.1. 


.1 


.1 


.2 




Premeasure 


1 147.1*** 


40.0*** 


90 . 5 *** 


40.4*** 25 . 7 ** 


75 . 4 *** 




Tr X Pre 


1 5.7* 


2.1 


7.6** 


3.2 


.1 


16 . 8 *** 


UICSM 


Teacher 


(t-l) 1.6 


2.3 


2.0 


1.2 


2.0 


2.3* 




Tr X Te 


(t-l) .2 


.9 


.4 


.2 


.7 


2.1 


• 


•Pre X Te 


(t-l) .8 


•9 


.2 


■ 2.5* 


1.4 


.8 




Tr X Pre X 


Te (t-l) .9 


1.3 


• .5 


1.1 


.7 


1.0 




Error MS 


.054 


.082 


.1119 


.221 


.391 


.339 




df 


351 


95 


128 


302 


133 


130 




Treatment 


1 1.6 


0.0 


.5 


1.3 


.1 


3.0 




Premeasure 


1 157 . 6 *** 


26 . 9 ** 


71 , 6 *** 


51 . 2 *** 


19 . 6 ** 






Tr X Pre 


1 1.0 


3.0 


.3 


0.0 


0.0 


0.0 


SMSG 


Teacher 


(t-l) 1.8 


.8 


3.6** 


.3 


.9 


1.9 


Tr X Te 


(t-l) .5 


.3 


2.4* 


• .4 


.6 


1.2 




Pre X Te 


(t-l) .4 


1.9 


1.3 


.4 


2.2* 


.7 




Tr X Pre X 


Te (t-l) 1.8 


.4 


.7 


.5 


1.5 


1.6 




Error MS 


.047 


.075 


• 

0 

CD 

VO 


.937 


.361 


.273 




df 


392 


103 


i47 


327 


133 


157 


* p < .05, 


» p < 


.01, *** p < . 


001 











^ t = number of teachers (i.e. pairs of classes) indicated in the table of means 
for each measure. 
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Indices of specific attitude dimensions I 

As discussed above, two scores were derived from the items comprisiiig - 

the indices developed to assess specific attitude and interest dimen- 
sions or factors. One score was based upon the response value on the 
graphic scale for the individual items (g — s score). The second 
score was based upon the response to each item for mathematics rela- j 

tive to other subjects, i.e, the subject rank position for mathematics 

(r - p score), | 

5 

Graphic scale scores 



I ntrinsic Interest - The Intrinsic Interest index g - s score 
means are shown in Table 6 , The results of the analysis across \ 

all of the E program conditions are given in Table 7 , . In j 

the analysis foi females alone, there was a significant program \ 

by treatment interaction. This effect was a result of the UICSM i 

girls having a higher mean and the Ball State girls having a 
lower mean than those in their respective conventional comparison 
classes. The results of the analysis for girls within each 
experimental program comparison condition, shown in Table 8 , 
indicated that none of the E — C differences within the separate j 
treatment conditions reached the ,05 level of significance. 

The significant interaction and the pattern of means indicates, 
however, that for girls, the intrinsic interest of those in the 
UICSM program was much more positive relative to the intrinsic 
interest of girls in the comparison conventional classes than were 
the interests of girls instructed with the Ball State program com- 
pared to those- in their comparison classes. No reliable treatment 
effects were observed in the analyses mads for this measure for 
males or for all pupils combined. 

Perceived Utility - The means for g - s scores obtained on the 
Perceived Utility index are shown in Table 9 • The results of 
the analysis of variance considering all programs are shovm in 
Table 7 • 

A significant program by treatment interaction was obtained for the 
analysis considering all pupils and considering females alone, ^ 

This interaction in both instances appeared to be the result of the I 

C class pupils having a higher mean Perceived Utility score in the I 

Ball State comparison and the E class pupils having the higher ^ 

mean in the UICSM comparison. The within progrem analysis, (Table 8 ) J 
carried out for each of the sexes separately and combined, indicated I 
that when all pupils were considered, the E — C differences for 1 

both the Ball State and UICSM comparisons were reliable at the ,05 I 

level although in opposite directions. The analysis for girls alone [ 

indicated only the UICSM E - C difference was reliable. The latter J 

analyses also indicated a significant treatment by prelevel inter- | 
action for the UICSM program comparison which was the result of E - C 
^IHsrence in favor of the UICSM classes being larger among girls j 

having lower rather than higher initial Perceived Utility scores, j 

For boys alone, no significant treatment effects were indicated for r 
any of the programs, I 

I 
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TABLE 6 



Intrinsic Mean g - s Scores for Pupils in E and C Classes 

All pupils 9 pairs E and C classes in each E program condition. 

Treatment E 



E Premeasure 



Program^ 


. . level low 


high 


ave. 


low 


high 


ave. 


Ball State 


2.47 


3.44 


2.96 


2.48 


3.38 


2.93 


UICSM 


2.55 


3.27 


2.91 


2.44 


3.34 


2.89 


SMSG 


2.46 


3.43 


2.94 


2.47 


3.51 


2.99 


Average 
all programs 


8.49 


3.38 


2.94 


2.46 


3.41 


2.94 


Males 6 pairs E 


and C classes 












Ball State 


2,23 


3.50 


2.86 


2.40 


3.45 


2.92 


UICSM 


2.57 


3.36 ' 


2.9T 


2.43 


3.26 


2.86 


SMSG 


2.54 


3.50 


3.02 


2,34 


3.74 


3.04 


Average 
all programs 


2.45 


3.45 


2.95 


2.39 


3.48 


2.94 


Females 6 pairs 


E and C classes 












Ball State. 


2.49 


2.94 


2.71 


2.76 


3.35 


3.05 


UICSM 


3.05 


3.37 


3.21 


2.47 


2.95 


2.71 


SMSG 


2.46 


3.10 


2.78 


2.37 


3.11 


2,74 


Average 
all programs 


2.67 


3.13 


2.90 


2.53 


3.13 


2.83 
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TABLE 8 



F~ratios From the Analysis of Variance V/ithin Each of the E Program 
Comparison Conditions for the Intrinsic Interest and Perceived 

Utility Index g - s Scores 



E 

Program 


Source of 
Variance 


d.f. 


Intrinsic Interest 

All 

Pupils M F 


Perceived Utilityj 
Pupils M F 1 




Treatment' 


1 


.1 


.1 


2.7 


2.2* 


0.0 


1.3 1 




Preraeasure 


1 


67.2** 




6.6* 


U9.I*** 29.1*** 12. 5**1 




Tr X Pre 


1 


• 1 




.1 


.k 


0.0 


.1 i 

■i 


Ball 


Teacher 


(t-1)^ 


3.1*'^^ 


2M 




1.2 


.6 


1.0 i 


State 


Tr X Te 


(t-l) 


.8 


1.0 


.6 


1.9 


1.0 


.9 j 




Pre X Te 


(t-l) 


.7 


1.1 


.9 


1.2 


.1 


.8 1 




Tr X Pre X Te (t-l) 


.3 


.5 


1.0 


1.9 


1.5 


1.3 i 



UICSM 



SMSG 



Error MS 




.117 


.198 


.2^6 


.16U 


.306 


.373! 


df 




3h2 


109 


103 


305 


9h 


117 j 


Treatment 


1 


0.0 


.5 


U.O 


U.li* 


2.6 


6.2* ! 


Premeasure 


1 


57.5*** 


11.9* 


1.8 


19.9*** 


3.2 


llt.3**j 


Tr X Pre 


1 


.5 


0.0 


.1 


1.0 


.1 


U.O* ^ 


Teacher 


(t-l) 


1.8 


2.5* 


1.3 


5.2** 


2.U 


5. 0**1 


Tr X Te 


(t-l) 


1.0 


.7 


2.2 


.k 


.3 


1 


Pre X Te 


(t-l) 


1.2 


1.8 


3.2* 


1.6 


1.8 


J 


Tr X Pre X Te 


(t-l) 


l,k 


1.8 


2.1 


1.5 


l,h 


1.0 ) 


Error MS 




.103 


.186 


.173 


.156 


.209 


.3801 


df 




359 


117 


110 


336 


95 


118 1 


Treatment 


1 


.2 


0.0 


0.0 


3.5 


0.0 


0 

• 

0 


Premeasure 


1 


62.3*** 


52.7*** 


16.0*** 


18. U*** 


2.3 


16.9**; 


Tr X Pre 


1 


.2 


.7 


.1 


1.9 


l.U 




Teacher 


(t-l) 


1.8 


.7 


l.U 


3.8*** 


1.1 


3.1***: 


Tr X Te 


(t-l) 


1.0 


.3 


1.6 


.6 


..1 


1.1 1 


Pre X Te 


(t-l) 


1.6 


1.2 


.7 


1.5 


1.8 


1.3 i 


Tr X Pre X Te 


(t-l) 


1.2 


2.9* 


.6 


1.1 


1.1 


2.0 i 



Error MS 
df 



.093 

U 05 



.158 

119 



.179 

1U6 



.166 

359 



.205 

111 



.307 
125 



p ^ .05* 



p < .01, 



p < .001 



^ t = number of teachers (i.e. pairs of classes) indicated in the table of means 
for each measure. 
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TABLE 9 



Perceived Utility : Mean g - s Scores for Pupils in E and C Classes 
All pupils 8 pairs E and C classes in each E program condition* 





Treatment 




E 






c 




E 

Program 


Premeasure 
. level 


^low 


high 


ave* 


low 


high 


ave. 


Ball State 




k,21 


5.21 


k.n 


4.58 


5.49 


5.04 


UICSM 




lt.66 


5.31 


1^.98 


U.26 


5.06 


4.66 


SMSG 




l(.13 


5.06 


4.60 


4.50 


5.17 


4.83 


Average 
all programs 




It. 33 


5.19 


k.76 


4.45 


5.24 


4.64 


Males 5 pairs 


E and C classes 












Ball State 




k.29 


5.58 


4.9*^ 


4.27 


5.64 


4.95 


UICSM 




h.91 


5.55 


5.26 


4.73 


5.13 


4.93 


SMSG 




5.00 


5.17 


5.08 


4.72 


5.38 


5.05 


Average 
all programs 




>1.75 


5.43 


5.09 


4.57 


5.38 


4,98 


Females 6 pairs E and C classes 












Ball State 




3.78 


' 4.72 


4.25 


4.13 


4.94 


4,53 


UICSM 




4.37 


4.81 


4.59 


3.23 


4.69 


3.96 


SMSG 




3.75 


4.51 


4.13 


. 3.60 


4.71 


4.15 


Average 
all programs 




3 -.96 


kM 


4.32 


3.65 


4.78 


4.21 




30 




In general these results indicate that pupils instructed with 
the Ball State materials had a tendency to percei'/e mathematics 
as having less utility than did pupils in conventional classes 
taught by the same teachers while pupils instructed with the 
UICSM materials perceived mathematics as having greater utility 
than did the pupils in the comparison conventional classes. 

This effect appeared to be stronger for girls than boys. Also 
for girls, the E ~ C difference for the UICSM program was more 
reliable than the E - C difference for the Ball State comparison. 

Perceived Knowledge - The mean Perceived Knowledge index g - s 
scores for the E and C class pupils are shown in Table 10 , 

No significant treatment main effects or treatment interaction 
effects were indicated by the analysis of variance when all pro- 
gram comparison conditions were considered, as shown in Table 7 , 

For the analysis within each E program condition, shown in 
Table 11 , a reliable treatment difference was indicated for the 
SMSG comparison when all pupils and when males alone were con- 
sidered, This effect was a result of the SiiSG pupils obtaining 
lower Perceived ipiowledge scores at the end of the year than con- 
ventional class pupils. The effect for all pupils combined appears 
to be due primarily to differences in this regard for boys rather 
than girls. 

In general, the experimental programs do not appear to have any 
extensive effects on pupils* judgments of their knowledge of 
mathematics as measured by this index. However, there was a ten- 
dency for boys instructed with the SMSG program to judge their 
knowledge somewhat lower than did boys in the conventional com- 
parison classes. 

Ease of Learning - Table 12 shows the mean g - s scores obtained 
^ E and C class pupils on the Ease of Learning (EOL) index. 

In each program comparison condition, the means for pupils in the 
C classes were in every instance higher than those for pupils in 
the respective E classes. That- is, the C class pupils reported 
greater ease of learning (i,e,, less difficulty learning) the sub- 
ject matter in their mathematics class than E class pupils. The 
results of the analysis of variance, shown in Table 7 9 indicated 
that the E - C difference over all program comparison conditions 
was quite reliable both v;hen all pupils and when girls alone were 
considered. The analysis for boys alone did not indicate any 
significant overall instructional treatment differences suggesting 
that the effect observed with the sexes combined is due more to 
the differences in this regard for girls than for boys. 

The results of an analysis within each of the programs for both 
sexes separately and combined are shown in Table 11 , Considering 
all pupils, the E - C difference was reliable at the ,05 level 
only for the UICSM program comparison, while for girls a highly 
reliable difference was observed for the Ball State program compari- 
son, No treatment differences were observed for boys for any of 
the comparisons. 



TABLE 10 



Perceived lOiovledge : Mean g - s Scores for Pupils in E and C Classes 



All pupils 8 pairs E and C classes in each E program condition. 





Treatment 




E 






c 




E 

Program 


Premeasure 

level 


low 


high 


ave. 


low 


■ high 


ave. 


Ball State 




8,09 


10. h7 


9.28 


8.72 


10.1i6 


9.59 


UICSM 




8.6o 


10.07 


9.33 ^ 


8.26 


10.42 


9.3U 


.SMSG 




7.56 


10.12 


8.8h 


8.10 


10.42 


9.26 


Average 
all p'"ograms 




8.08 


10.22 


9.15 


8.36 


10.1i3 


9.39 


Males 6 pairs 


E and C classes 








0 




Ball State 




8.U9 


10.00 


9.25 


7.98 


10.37 


9.18 


UICSM 




8.U7 


10.29 


9.38 


8.55 


10.52 


9.53 


SMSG 


* 


T.?0 


10.69 


9.30 


8.95 


11.17 


10.06 


Average 
all programs 




8.29 


10.33 


9.31 


8.1»9 


10.69 


9.59 


Females 6 pairs E and C classes 












Ball State 




8.05 


10,50 


9.28 


8.80 


10.50 


9.65 


UICSM 




8.80 


10.62 


9.71 


7.86 


10.48 


9.17 


SMSG 

Average 
all programs 


* 




9.89 


8.81 


7.90 


10.02 


, 8.96 




8.19 


10.3l( 


9.26 


8.18 


10.33 


9.26 
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TABLE 11 



F-ratios From the Analysis of Variance V7ithin Each of the E Program 
Comparison Conditions for Perceived Knowledge and 







Ease of 


Learning 


Index g 


- s Scores 






E- 


Source of 




All Perceived Knowledge 


^ . Ease of Learning | 


Program 


Variance 


d.f. 


Pupils 


M 


F 


Pupils 


M 


F 'i 




Treatment 


1 


1,0 


0,0 


1.1 


3.1 


.9 


20. h*** I 




Premeasure 


1 


8l.0^»-» 


23.3*** 


35.0*** 


56.7*** 


22,o»»* 


li.O* 




Tr X Pre 


1 


.9 


.5 


1,1 


1.2 


2.5 


0,0 j 


Ball 


Teacher 




2.2* 


1.0 


1,1 


l.ij 


1*1 


1.2 ^ 


State 


Tr X Te 


(t-1) 


1.7 


2.U* 


.6 


.9 


1.1 


.8 j 




Pre X Te 


(t-i) 


.9 


.h 


.5 . 


1.2 


1.1 


1.7 ■ j 


‘ 


Tr X Pre X Te(t-l) 


2.2* 


2.5* 


.9 


1.0 


.h 


1.3 i 

j 




Error MS 




.I1I9 


.983 


,7^»1 


.125 


.267 


.203 ^ 




df 




30U 


107 


118 


306 


no 


9i* J 




Treatment 


1 


0.0 


.1 


’ 1.9 


I1.9* 


.h 


U 

2.2 j 




Premeasure 


1 


li8,9*** 


16,5*** 


32.5*** 


86.0*** 


23.0*** 


71.9*** 1 




Tr X Pre 


1 


1.7 


0.0 


1.1 


.2 


0.0 


.6 , ! 


UICSM 


Teacher 


(t-i) 


.9 


.6 


1.8 


1.3 


.5 


1.5 




Tr X Te 


(t-i) 


.7 


.7 


.8 


.5 


1.9 


i 




Pre X Te 


(t-i) 


,h 


.9 


.3 


1.0 


.3 


ii 1 

* i 




Tr X Pre X 


Te (t-1) 


.7 


1.2 


1.2 


.h 


.h 


.2 5 

1 




Error MS 




■ .5^*0 


1.309 


.911 




.316 


.215 i 




df 




320 


122 


102 


305 


119 


• 89 i 

• ^ 




Treatment 


1 


3.9* 


i*.0* 


.6 


• l.h 


.1 


j 

• 3 

1.6 j 




Premeasure 


1 


70,6*** 


17.9** 


lt8.1*** 


65.2*** 


13.7* 


21.5** I 




Tr X Pre 


1 


.3 


.6 


•0,0 


.5 


0.0 


-.5 ] 


SMSG . 


Teacher 


(t-1) 


5.1**^ 


2.3* 


5.0** 


li,8*** 


.5 


5.1*** ) 




Tr X Te 


(t-1) 


.5 


.3 


1.6 


1.7 • 


.h 


3.1* j 




Pre X Te 


(t-i) . 


1.9 


2M . 


1.0 


1,8 


2.0 


1.9 ; 




Tr X Pre X ^ 


Te (t-1) 


lei 


.9 


1.2 1 


l.h 


.5 


1,8 i 




Error MS 




.359 


.878 


.569 


.099 


.256 


.187 ; 




df 




3hk 


117 


•1147 


3i6 


112 


103 1 


* P < .05, 


» p < 


.01, 


*»» p < 


.001 


. 






• . .1 

J 



(i.e. pairs of* classes) indicated in the table of means 



a 



t = number of teachers 
for. each measure. 






TABLE 12 



Ease of Lear nin g : Mean g - s Scores for Pupils in E and C Classes 
All pupils 8 pairs E and C classes in each E program condition. 



E 

Program 


Treatment 

Premeasure 

level 




E * 






C 




. low 


high 


ave. 


low 


high 


ave. 


Ball State 




2.57 


3.66 


3.12 


2.93 


’ 3.74 


3.34 


UICSM 




2.55 


3.74 


3.14 


2.79 


4.10 


3.44 


SMSG 


* 


2.1*9 


3.60 


3.04 


. 2.57 


3.86 


3.21 


Average 
all programs 




2.54 


3.66 


3.10 


2.76 


3.90 


3.33 


Males 6 pairs 


E and C classes 












Ball State 




2.26 


3.60 


2.93 


2.79 


3.47 


3.13 


UICSM 




2.70 


3.84 


-3.2? 


2.94 


3.99 


3.46 


SMSG 




2 . 7 h 


3.82 


3.28 


2.79 


3.87 


3.33 


iiverage 
all programs 




2.57 


3.76 


3.16 


2.84 


3.77 


3.30 


Females 5 pairs S and C classes 










• 


Ball State 




2.63 


3.60 


3.12 


3.53 


4.52 


4.03 


UICSM 




2.32 


3.92 


3.12 


2.47 


4.39 


3.43 


SMSG 




2.68 


3.75 


3.21 


2.93 


4.35 


3.64 


Average 
all programs 




2.5h 


3.76 


3.15 


■ 2.98 


4,42 


3.70 




In general, although the effect was not very large there was 
• ^ a consistent tendency for pupils instructed with each of the 

experimental programs to report more difficulty learning 
mathematics than pupils in the comparison conventional classes. 
This tendency was more evident for girls than boys and most 
pronounced for girls instructed with the Ball State program, 

Rankposition scores 

To obtain the r - p scores, since pupils differed as to both number 
and actual academic subjects other than mathematics in which they were 
enrolled, the mathematics ranks were deterrained for the combination of 
academic subjects which would permit inclusion of the largest number 
of pupils for comparison. Within the sample, among the possible 3, U, 
and 5 subject combinations of mathematics, English, science, social 
•studies and foreign language, the largest number of pupils were en- 
rolled in a 3 subject combination of mathematics, English and science. 
Scores in terms of the rank position of mathematics relative to English 
and science were derived by summing the rank of the response for mathe- 
matics (l, 2 or 3) to each item in a given index. Individual scores 
for each index were then converted to standard scores having a mean of 
50 and a standard deviation of 10 units, 

!^e determination of mathematics rank position relative to two other 
specified subjects reduced somewhat the number of pupils that could be 
included in the analysis. Although the overall proportion reduced was 
relatively small for the r - p scores, this additional restriction did 
preclude carrying out a separate analyses for each sex when teachers 
were treated as a separate dimension because of the increased difficulty 
of obtaining sufficient freo[uencies in the separate cells req,uired for 
the analysis. For these scores the sex differences were examined in 
connection with the analyses concerned with moderating factors presented 
below. 



Table 13 shows the unweighted means obtained by E and C class pupils 
in the separate instructional treatment conditions oh each of the indices 
for which r - p scores were determined, A summary of the results of the 
analysis of variance comparisons among these means considering all of the 

E progranis for each indices are shown in Table 1^ and of the compari- 
sons within each E program condition in Table 15 , 

JntJ^insic Interest - No significant treatment main effectr nor pro- 
gram by treatment interactions were observed for the r - p score 
index of intrinsic interest in the analysis across all E program 
conditions. The higher mean for the C class pupils in the Ball 
State comparison contributed to -a significant treatment effect when 

the analysis was made within the separate program conditions shown 
in Table 15 , 

• 

the index of perceived utility, the 
analysis considering all E programs (Table ll+ ) indicated that 
the overall instructional treatment differences were not reliable, 
but that there was a significant program by treatment interaction. 
This resulted from the E class pupils instructed with the Ball 
State and SMSG programs having lower scores than those in the C 




TABLE 13 



Means for E and C Class Pupils on Indices Using Rank-Position 
Scores for each E Program Comparison Condition 









E 






c 




Premeasure Level 


low 


high 


ave. 


low 


high 


ave. 




E Program 














Intrinsic 

Interest 


BSP 




i^ 9.7 


It 7.1 


46.3 


52 . 8 , 


49.5 

49.5 




UICSM 


hj .6 


53 .it 


50.5 


46.8 


52.2 


(8 pairs 
E & C 


' SMSG 


k 6.2 


55.0 


50.6 


47.0 


55.7 


51.3 


Classes)^ 


















Ave.all 

programs 


k 6.1 


52.9 


it 9 .it 


50.5 


53.5 


50.1 


Perceived 


BSP 


U5.6 


50. U 


itS.O 


48.1 


52.1* 


50.2 


Utility 


UICSM 


!t 8,2 


5 it.O 


51.1 


44.3 


53 . 1 * 


48.8 


(8 pairs 
E & C 


SMSG 


> 15.7 


53,0 


it 9.3 


48.9 


56.9 


52.9 


Classes) 










- 








Ave.all 

programs 


U 6.5 


52.5 


it 9.5 


47.1 


5 l *.3 


50.7 


Perceived 

‘Kxiovrledge 


BSP 


li 3.5 


52.7 


lt 8 .i 


47.6 


51*. 7 


51.2 

49.6 


UICSM 


b 8 .U 


51.6 


50.0 


45.3 


53.9 


(8 pairs 
E & C 


-SMSG 




53.1 


48.7 


45.5 


52.9 


. 49.2 


Classes) 


Ave . all 




52.5 


48.9 


46.1 


53.8 


50.0 




programs 








Ease of 
Learning 


BSP 


1 ( 3.7 


51.5 


47.6 


48.9 

45.5 


51*. 7 

55.1 


51.8 

50.3 


UICSM 


1 * 5.7 


52.3 


49.0 


(7 pairs 
E & C 


SMSG 


1 * 3.1 


50.6 


46.8 


46.0 


5 l *.0 


50.0 


Classes) 


Ave • all 


1 * 1*.2 


51=5 


47.8 


46.8 


51*. 6 


50.7 




programs 












^ Numher 


of pairs of 


E and 


C classes 


in each E prograim comparison 


condition 



O 

■9 
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TABLE 

F-ratios From the Analysis of Variance Over All E Program 
Comparison Conditions for Each Attitude Index r - p Score 







Intrinsic 




Perceived 


Ease of 




Scales 


Interest 


Utility 


Knowledge 


Learning 




d.f. 










Program 


2 


2.0 


2.8 




0.0 


Treatment 


1 


1.5 


2.0 


3.0 


11.5** 


Premeasure 


1 


92.o*«* 


125. Y*** 


Y9.2*** 


99,li»** 


Program X Treatment 


2 


2.6 


i|.5* . 


2.8 


1.0 . 


Program X Prenieasure 


2 


2.1 


2.9 


.8 


.6 


Treat. X Premeasure 


1 


0.0 


1.0 


.2 


.2 


Program X Treatment 










.8 


. X Premeasure 


2 


.2 


*9 


3.3 


Teacher 


3(t-l) 


3,2»*» . 


1.5 


ls9» 


3.0*** 


Number of Teachers 


t = 


8 


8 


8 


7 


0 

Teacher X Premeasure 3(t-l) 


1.3 


-.8 


o\ 

• 

H 


1,6* 


Teacher X Treatment 


3(t-l) 


.9 


2.0** 


.9 


2,5*^» 


Teacher X Treatment 












X Premeasure 


3(t-l) 


.9 


.8 


1.2 


1,3 


Error MS 




9.09 


8.27 


8.. 85 


8,35 


df 




925 


960 


9^*7 


839 



* P < .05, 



** p < .01, 



p < .001 






•i 









TABLE 


15 




i 

3 

1 

j 




F~ratios From the Analysis of Variance of Each 


Attitude 


•i 




Index r - p Score for 


Each E Program Comparison Condition 


] 




Source of 




Intrinsic 


Perceived 


Perceived 


Ease of i 


Program _ 


Variance 


d.f. 


Interest 


Knowledge 


Utility 


Learning j 




Treatment 


1 


5.0* 


8.2** 


2.0 


8.0* . j 




Premeasure 


1 


27.9»«» 


59.1i«-** 


19,4»»» 


18.9** i 




Teacher 


(t-1)^ 


1.5 


1.3 


1.0 


It. 3 i 


Ball 


Tr X Pre 


1 


.3 


.5 


.1 


.9 


State 


Tr X Te 


(t-i) 


1.0 


.8 


2.4* 


2.1 , 




Pre X Te 


(t-i) 


1.0 


.6 


.5 


2.4* i 




Pre X Pre X Te 


(t-1) 


.8 


2.1 


.5 


.6 1 




Error MS 




9.80 


Q.9k 


8.72 


7.26 j 




df 




29U 


303 


308 


274 ] 




Treatment 


1 


.8 


.1 


4.5* 


1.0 j 




Premeasure 


1 


26.6*** 


26.1*** 


48.5*** 


52.0*** 1 




Teacher 


(t-1) 


1.6 


1.1 


1.5 


1.0 i 


UICSM 


Tr X Pre 


1 


0.0 


5.8* 


2.4 • 


1.1 




Tr X Te 


(t-1) 


.n 


.5 


.9 


1.4 


• 


Pre X Te 


(t-1) 


.6 


1.0 


.7 


1.2 j 




Tr X Pra X Te 


(t-1) 


1.0 


1.0 


.7 


1.6 1 




Error MS 




9.35 


10.64 


9.27 


9.93 

312 J 




df 




30T 


306 


311 




Treatment 


1 


.n 


.2 


4.8 


1.8 




Premeasure 


1 


31.2*** - 


15.8** 


67.1 


J 

29.3*** i 




Teacher 


(t-1) 




4,0*** 


2.0 


8.3*** i 

y 


SMSG 


Tr X Pre 


. 1 


0.0 


.7 


.1 • • 


a 1 




Tr X Te 


(t-1) . 


1.3 


1.7 


3.1** 


6.0*** ] 

1 




Pre X Te 


(t-1) 




4,7*** 


1.3 


2.3* 1 

* j 




Tr X Pre X Te 


(t-l) 


.9 


• 4 


1.4 


i.ii j 




Error MS 




8.15 


7.22 


6.99 


7.24 




df 




32h 


338. 


3ltl 


34i i 



o 

ERIC 



* p < .05, ** p < .01, *** p < .001 






a 



t = number of teachers (i.e. pairs of classes) indicated in the table of means 
for each measure. 



t 

’i 

i 
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classes with which they were compared while the UICSM pupils 
had a higher mean score than those in their comparison classes, 

‘The results of the analyses within E program conditions 
(Table 15 ) indicated, however, that only for the UICSM program 
was the treatment effect -significant. It appears that among the 
E programs, only the pupils instructed with the UICSM materials 
exhibited a greater tendency than those instructed with the con- 
ventional materials to develop a perception of mathematics as 
having relatively more utility than other subjects. 

Knowledge - For the index, of perceived knowledge 
neither the treatment main effect nor the program by treatment 
interaction reached the ,05 level of significance in the analysis 
considering all program comparison conditions, Tito significant 
treatment effects were observed in the analysis for the separate 
E programs. Pupils instructed with the Ball State program had 
reliably lower perceived knowledge scores than those in the com- 
parison , C classes. For the UICSM program a significant treat- 
ment by premeasure interaction was obtained. The latter resulted 
from the fact that among pupils at the lower level on the pre- 
measure those in the UICSM classes had the higher mean while among 
pupils at the higher level on the premeasure, those in the C 
classes had a higher mean at the end of the year. A further test 
to determine if the mean differences within each premeasure level 
differed from zero showed that neither of these differences was 
highly reliable. For the lower premeasure level, E > C, F = 3,8, 

,05 < p < .10 and for the higher premeasure level, C > E, 

F = 2,1, ,10 < p < .25* Nonetheless, the interaction indicates 

that there was* a greater relative gain in perceived knowledge for 
UICSM instructed pupils who initially perceived their knowledge as 
relatively low than for those who had initially perceived their 
knowledge as relatively high, 

^ese results in general indicate that at the end of the year pupils 
in the Ball State program tended more than those in the conventional 
program to perceive their knowledge of mathematics as being lovrer 
relative to their knowledge in other subjects. However, for pupils 
in the UICFiM program, those that had lower perceived knowledge at 
the beginning of the year developed a perception of relatively 
greater knowledge in mathematics than did similar pupils in the C 
classes, 

Ease ^ of Jjearning - The analysis across, ail E program comparison 
conditions (Table 1^ ) showed a highly reliable treatment difference 
with pupils in the C classes having a higher mean score as shown 
in Table 13 , This indicates that over all program comparison con- 
ditions, C class pupils reported greater learning ease for mathe- • 
matics relative to other subjects than did pupils in the E classes. 
Considering the separate programs, the E - C difference for the Ball 
State comparison was largest while that for the UICSM comparison was 
smallest. The analysis within each E program condition, shown in 
Table 15 , revealed that the difference for the Ball State program 
was quite reliable, while the differences for the other program com- 
parisons did not reach the .05 level of significance. 
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iii. Siinimary of results 

Reviewing the results obtained from the analysis concerned with 
the effects of the experimental programs on the several specific 
dimensions of pupil attitude toward mathematics, there appeared to 
be some degree of similarity between the program differences indi- 
cated by the two types of index scores. For both the r - p and 
g - s scores, a consistently lower score on the Ease of Learning 
index was obtained for pupils instructed with the E programs, an 
effect which was most pronounced for the Ball State program. 

For the index of Intrinsic Interest, when the r - p scores were used, 
the results indicated a reliable tendency for the Ball State pupils 
to develop lower intrinsic interest scores than did the conventional 
class pupils. A similar but nonreliable trend was also observed for 
.this program when the g - s scores were used. No reliable E - C 
differences were obtained for either score on this scale for the 
UICSM and SMSG program comparisons. 

On the Perceived Utility index, when either r - p or g - s scores 
were used, the direction of the E - C difference varied significantly 
between the UICSM program and the Ball State program. Both scores 
for UICSM instructed pupils were reliably higher than those for pupils 
in the comparison conventional classes. However, only for the g - s 
score was the difference which. favored the C classes in the Ball 
State comparison statistically reliable when the direct comparison 
was made. 

On the Perceived Knowledge index, there was some variation in signi- 
ficant differences indicated depending on whether the r - ,p or g - s 
scores were used. For the g - s scores, a treatment difference was 
observed only when the sexes were considered separately. The SMSG 
instructed boys had reliably lower g - s scores than those in the C 
classes. This was the only instruct.ional treatment difference ob- 
served on these measures for the SMSG program comparison. VThen r - p 
scores were used,^pupils in the Ball State program had lower scores 
than their C class counterparts. Also UICSM pupils having low;er 
premeasure scores showed a higher perceived knowledge score at the end 
of the year than did similar C class pupils in contrast to the E - C- 
difference for those having higher premeasure scores which favored the 
C class pupils. 

It should be noted,- however, that most of these differences were not 
very large, in most instances appearing to account for a considerably 
smaller proportion of the variance than the premeasure of each of the 
variables , * . 
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Considering the results of the analyses to determine the direct effects 
of the experimental programs on indices of ‘both general and specific, 
attitudes and interests in mathematics, several more general observations • 
seem warranted, (l) The experimental programs appear to have a rela- 
tively sma3.1 effect, either positive or negative, on the attitudes and 
interests pupils develop in the ninth grade at least as indicated by 
the most direct indices of these attitudes used in this study, (2) The 
Ball State program appeared to have a more negative than positive 




effect on the attitudes pupils develop toward mathematics when 
compared to conventional programs of instruction taught by the same 
.teachers’. This effect was most evident on the Perceived Knowledge 
and Ease of Learning indices, (3) The UICSi'l program was the only 
experimental program for which pupils exhibited a tendency to de- 
velop more positive attitudes toward mathematics than pupils in the 
canparison conventional classes and even for this program j these 
effects were quite limited. The largest effect for the UICSM pro- 
gram was on the Perceived Utility index. Pupils instructed with 
the UICSi4 program perceived mathematics as having greater utility 
for future goals and objectives than those instructed with conven- 
tional programs, (U) For all experimental programs, there was a 
consistent tendency for pupils instructed with the experimental 
materials to experience more learning difficulty than was reported 
by pupils in the conventional classes. 



Program Differences on Attitude Relevant Instructional 
Factors and Conditions, 



The above analyses were concerned primarily with the overall effects 
-of the different experimental programs on pupil attitudes toward 
mathematics as such. Some differences in the resultant attitudes 
toward mathematics were observed. These differential outcomes were 
however necessarily determined, or mediated by any of a number of 
more specific factors or conditions which must have differed among 
the alternate programs of instruction. Another question to be con- 
sidered then concerns the factors or conditions in the instructional 
situation that on logical grounds appeared relevant to a change in 
attitude toward the subject matter and therefore might have contri- 
buted to or affected the program differences obtained. In the con- 
text of this question which was discussed above in more general terms, 
two main sets of factors or conditions .were distinguished; those . 
representing, respectively,’ direct and indirect effects of instruction 
with the alternate programs or materials. In these terms, the question 
assumes that these effects, as they were measured, occurred prior to any 
changes in the affective reactions assessed at the end of the year. 
Especially for those factors representing direct effects, this assump- 
tion appeared quite valid. Since they directly reflect or represent 
the major instructional differences, qualities or characteristics 
associated with the instructional materials themselves were the most 
obvious and likely source of any observed E - C attitude differences. 
Representing the second set of factors would be those associa’ted with 
or determined by the teacher as such. Grading practices, instruc- 
tional approach or methods, effort demands such as homework, expressed 
attitudes toward the materials, all are conditions which may have 
varied in a systematic way between the E - C classes and thereby con- 
tributed to or affected the observed differences. Data was gathered 
and comparisons were made with respect to both of these sets of factors. 



Characteristics of instructional materials 

Pupil judgments were obtained concerning various characteristics of 
the instructional materials. Several items inquired about how vrell 
the instructional materials facilitated learning while another 
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involved the novelty of the Eiatorial presented, ^ The item analysis 
indicated, however, that for only one of these items, that concerned 
directly with the ease or difficulty of the texts, item (a) "below, 
was there any indication that the item was assessing factors not 
measured by other scales or items. Consequently, further analyses 
and consideration was given only to the judgments obtained for the 
item concerned directly with textbook difficulty. 

Textbook difficulty . Judgments of textbook difficulty were of in- 
terest not only for the general reasons indicated above but also 
because the most distinctive E - C difference was obtained for a 
more general index of ease of learning which presumably reflected 
all sources of learning difficulty including that associated with 
the textbook as such. There were two questions to be considered with 
respect' to pupil judgments concerning the instructional materials 
(l) whether the judgments varied for pupils in the E and C classes 
and (.2) whether such judgment differences might have contributed to 
or affected any of the more general attitude differences observed 
between E and C class pupils. 

The E - C differences in judgment of textbook difficulty were 
examined using the rank position response given by pupils to this 
item for mathematics relative to English and science. The greater 
the rank position value, i,e, 3 , the relatively greater the difficulty. 
To make an appropriate comparison, it was necessary to take into 
accost the pupils initial (beginning of year) judgment of learning 
ease or difficulty for mathematics materials to ensure that any ob- 
tained differences reflected the pupils experience during the year 
rather than his previous experience with mathematics materials. 

Since no textbook difficulty judgment was obtained at the beginning 
of the year the rank position score on the premeasure of the Ease of 
Learning (EOL) index was used for this purpose. Comparisons were made 
within each E program comparison condition for pupils above and below 
the EOL premeasure median for each- of the sexes separately. 



® These items read as follows: 

a) How easy or difficult did you find it to understand the textbooks 
used in each of the subjects you have been taking? , 

b) How much has the textbook helped you to learn and understand the 
material in each of your subjects, in addition to the teacher’s 
instruction? 

c) V/hich helps you most to learn and understand the main ideas 
presented in each of your subjects, the teacher or the textbook? 

d) To what extent did the material in each of the subjects you have 
taken seem repetitious and dull in contrast to novel and exciting? 

For each item a five-point scale with appropriate labels defining the 
response dimension was provided. 





To determine if the E - C frequency differences were statistically 
^®li^hle in one or the other direction j a test was used with 

the 1st and 2nd rank position frequencies combined, ® To obtain 
at the same time an indication of the relative magnitude of the 
affects associated with initial or expected ease of learning 
(pre EOL) and with pupil sex as well as with the instructional 
treatment, a procedure outlined by Castellan ( 6 ) was followed 

which permitted determination of the relative contribution to an 
overall t>y each of these factors. The results of this compari- 

son are ^ shown in Table l6 , The frequencies obtained within the 
categories for each of the three separate rank positions are shown 
in Appendix C • 

lor both the Ball State and SMSG programs, the E — C comparisons 
within each sex by pre EOL category showed a reliable (p < ,05) 
difference in frequency (the value for X^abc^ with a greater propor- 
tion of E class pupils in each instance having ranked their mathe- 
matics text as more difficult. For the UICSM program, none of the 
within category x^*s (x^abc) reliable at the ,05 level al- 

though there was a tendency for E class pupils to more frequently 
rank their mathematics texts lower (i,e, as more difficult). No 
reliable sex differences (x^ab with p < ,05) in text difficulty 
judgments appeared for any of the programs, however for the Ball 
State comparison among pupils expecting more learning difficulty 
(low EOL), there was a greater tendency for boys to indicate more 
text difficulty than girls. With respect to levels of initial or 
expected learning ease (pre EOL), reliable differences (x^a) were 
observed for all programs. The latter differences indicate that 
pupils who expected more learning difficulty for mathematics in 
general (low EOL) more frequently reported greater text difficulty 
than those who did not (high E0L)»which would be expected,. 

It is quite evident that pupils instructed with the Ball State and 
SMSG programs indicated much more frequently than pupils instructed 
with the respective conventional programs that their mathematics 
textbooks were more difficult than their English or science textbooks. 
For the UICSM pupils, there were no real differences in this regard 
although there also was no tendency for the UICSM pupils to judge 
their materials as less difficult. 



The two adjacent rank position categories’ could be combined and not 
alter the interpretation because the categories had an ordered rela 
tionship. Reducing to two response categories permitted an unam- 
biguous interpretation of the direction of the significant differ- 
ence between E and C classes. 







TABLE 16 



Text Difficulty Hank Frequency Comparisons Betvreen E and C 
Conditions Considering Sex and Pre EOL Level 



Ball State 



Low . 
Pre EOL 
(a-,) 



High 
Pre EOL 
(as) 



UICSM 



Low 

Pre EOL 

(ai) 



High 
Pre EOL 
(as) 



SMSG 



Low 

Pre EOI» 

(ai) 



High 
Pre EOL 
(a2) 



Male (hi ) j 



Fenale (b£) 



« p <.05 

** p <.01 



p <.001 



X^e’oc ~ 15 . 



3 



d. rank 


E(C|) 


C(C 2 ) 
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1 
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X abc " 6.5 
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13 


30 
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3 


22 


18 
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l_ — _ 
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37 


39 


1 


76 
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11 . 9 *** 


X^ab = .6 
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11 


11 


22 


7 


18 


i 


25 
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18 
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1 
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63 
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1 

j 
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26 


29 


55 
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1 
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3 


20 
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56 ' 


58 


*"ir 4 




^ 1 
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19^ 



X^ab = 2 .T 



X^a = I8.9H 



X abc = E - C coirpajrison within sex x pre EOL categories 
>2 



X ab = Male - female comparison-, within pre EOL levels 
“ Pre EOL level comparisons 
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Teacher determined conditions 



Pupil grades . The grades pupils’ receive in a subject would be 
expected to have some affect on their attitudes toward the subject 
matter. Within a given class, grades are no doubt quite highly 
related to independent measures of the pupil’s relative proficiency 
or ability. It is possible hovrever, independent of actual pro- 
ficiencies, that teachers might have varied their grading standards 
between the separate classes they were instructing. Such variation 
i70uld be more likely when teachers were using different programs of 
instruction in separate classes which, to the extent that the in- 
structional objectives differ, might require judgments relative to 
different performance criteria. If this were the case in the present 
study , it could result in a difference in. the distribution of grades 
assigned respectively to the E and C class pupils. There is a 
question then as to whether there was any systematic difference in 
the grades assigned to pupils in the E and C classes when previous 
mathematics class perfoimiance differences were held constant. 

Information concerning the average or overall grade received in 
mathematics during the previous (8th grade) and concurrent year was 
obtained for pupils in a majority of classes participating in the 
study. To determine if there were any grade differences between E 
and C class pupils, comparisons were made within each E program compari- 
son condition using the three factor analysis of variance. The analysis 
was restricted to class pairs for which grade data was available which 
reduced the number that could be included in each program comparison. 
Table 17 shows the adjusted grade means for pupils instructed with 
the alternate programs and Table l8 shows the results of the analyses 
of variance for this measure. The analyses provided no indication 
that there were any overall differences in the grades received by 
pupils in the E and C classes for each E program comparison condition. 

It does not appear then that any instructional treatment differences 
observed with respect to pupil attitudes could be attributable to 
general or systematic differences between the grades received by E 
and C class pupils, 

A moderately reliable teacher by treatment interaction was observed 
for both the Ball State and UICSM program comparisons. This result 
indicates some variation in the magnitude and/or direction of the E - C 
grade differences between teachers. 



TABLE IT 



Adjusted Grade Means for E and C Class Pupils in Each E Program Comparison Condition 



• 




Treatment 


E 






C 




E 

program 


Number of 
class pairs 


Premeasure 

level 


low 


high 


ave. 


low 


high 


ave. 


Ball State 


8 




3.1^^ 


5.36 


U .25 


3.28 


5.15 


U.22 


UICSM 


5 




3.02 


5.^*2 


1*.22 


3.75 


5 . 'A 


k.lk 


SMSG 


8 




3.96 


5.1^8 


U .72 


3.45 


5.W 





Values assigned letter grades: 

A =1 E=3 c=5 D=7 F=S 

A-, B+ = 2 . B-, C+ = fc C-, D+ = 6 D- = 8 

i ^ 

TABLE 18 

F-ratios from the analysis of variance for pupil grades in each program comparison 
condition. 



Source of Variance 


d.f. 


B.S. 


UICSM 


SMSG 


Treatment 


1 


0.0 


l.U 


2.3 


Premeasure 


1 


119.1?j-«-«- 


21.0* 


52 . 7 *** 


Teacher 


(t - 1)^ 




17.6*»«« 


6.2^** 


Tr X Premeasure 


1 


.9 


.7 


2.2 


Tr X Teacher 


(t - 1 ) 


2.5* 


3 . 0 * 


1.2 . 


Pre X Teacher 


(t - 1) 


.6 


3 . 7 ** 


2.0* 


Tr X Pre X Teacher 


(t - 1) 




.2 


.5 


®'t = number of class pairs for each 
program condition indicated in 


4 


• 

p <. 05 , ** P <.01, 


p <.001 



Table 



Teacher attitudes and ,1udf^ments concernins; the E prof^ramS t Another 
instructional factor or con^dition which could have differentially- 
affected the attitudes of pupils in a pair of E and C classes was 
the judgment or attitude of the teacher concerning the materials 
being used. A characterization of the materials by the teacher to 
the pupils, either in general evaluative terms or in terms of their 
anticipated instructional outcomes or purposes could affect the 
pupils reaction either to the materials or to the subject matter 
itself. Such a characterization would be especially likely in the E 
classes because the materials were obviously different. As part of 
the more extensive project concerned with the effects of the E pro- 
grams on pupil achievement in mathematics, a questionnaire had been 
prepared to elicit participant teacher judgments and reaction to the 
experimental instructional materials they were using. From the - 
questionnaire items, several scales were derived. The questionnaire 
provided indices of (l) the teacher judgment of the relative extent 
to which the E and C programs achieved certain instructional objectives. 
(2) The teachers preference for E relative to C materials and (3) the 
teachers judgment of the pupils reaction (in general evaluative terms) 
to the materials and the subject matter. 

To examine this question, a single index representing the E - C class 
mean difference (adjusted for premeasure differences) on each of the 
attitude scales for each individual teacher was obtained. The degree 
of association between the teachers adjusted E - C class mean differ- 
ence score for each attitude index and teachers score on each of the 
teacher judgment indices vras determined. Classifying teachers either 
above or below the median on each pair of indices, the degree of 
association was determined by the Fisher exact probability test. The 
results indicated that none of the teacher judgment indices were 
reliably related to the instructional treatment (E - C) differences 
obtained for individual teachers for any of the attitude indices. 

There was no evidence then that the teacher attitudes or judgments 
as measured by the teacher questionnaire indices were related to or 
affected the differences in attitude observed between the E and C 
classes. 

Summary and Discussion 

Among the variables that were examined which on logical grounds appeared 
likely to have mediated, in the sense of contributing to or affecting, 
the program differences in attitudes, only for the text difficulty 
judgment were any program differences observed. If the difficulty 
pupils experienced with their instructional materials affected their 
attitudes toward the subject matter, the text difficulty differences 
observed for the Ball State and SMSG instructed pupils could have been 
a factor contributing to the development of more negative attitudes 
toward mathematics. From the attitude indices, there were some indica- 
tions that the Ball State instructed pupils had developed less positive 
attitudes than those in conventional programs, although a similar ten- 
dency was not found for the SMSG pupils. It is likely, however, that 
text difficulty was only one of a number of independent factors that 
might have affected pux)ils* attitudes with the outcomes reflected on 
the attitude indices representing a resultant effect of various factors 
and conditions including those specific to the alternate programs of 



instruction, The fact that the SMSG program, in contrast to the 
Ball State program, did not show evidence of the development of 
less positive attitudes even though there was an equally strong 
text difficulty difference, suggests that for the SMSG program 
other, factors may have been countering any negative effects that 
might have resulted from a higher level of text difficulty. 

There is then the question of the extent to which text difficulty 
contributed to or affected attitude change within each of the 
prograras and thereby, to the differential attitude changes observed 
for the separate experimental programs compared. There is also a 
related question of the attitude differences that would be expected 
for the experimental programs independent of the text difficulty 
effects, i,e,j the attitude change resulting from qualities ard 
characteristics as well as other concoramitant conditions associated 
with the experimental programs. There is further the question of the 
extent to which text difficulty affected pupil attitudes, in general, 
independent of the specific instructional program conditions. All 
of these are part of a broader question in connection with which a 
distinction can be made between those effects of text difficulty 
that are associated with the specific instructional materials, repre- 
senting program differences; those effects associated with the 
teacher, representing teacher differences, and those associated with 
and representing individual pupil differences. These are conceptually 

independent effects in that it is possible that the relations between 
text difficulty and attitude change that existed within classes or 
within program conditions could have differed from those that existed 
between classes and/or conditions. 



Although it was not possible within this study to obtain a direct and 
unequivocal answer to all of these questions, analyses were carried 
out that could provide some indication of the nature and extent of the 
relationships involved,^ The question'of the effects of text diffi- 
culty on pupil attitudes in general concerns the degree to which change 
in attitude corresponds to level of text difficulty when the latter is 
adjusted for initial differences in expected difficulty, that is the 
correlation between post measures of text difficulty and attitude when 
premeasures of those variables were held constant. This question was 
answered by determining the second- order partial correlations between 



^ The appropriate procedure for determining the attitude differences 
between prograras controlling for the program effects on text diffi- 
culty in addition to the text difficulty effects within programs 
would require determining the specific or unique within cell contri- 
bution of text difficulty to attitude change independent of the 
effects of other factors correlated vrith these variables. The latter 
factors would tend to inflate the relation between text difficulty 
and attitude change which would be the basis for the between treat- 
ment adjustment and since they would not represent treatment effects 
should not contribute to that adjustment. 
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1/6x1/ difficull/y End post inGESures of SGveral of thG attil/'udG indices 
with the premeasure of expected difficulty and of the attitude 
measure being partialled out* The zero and second~order correlations 
obtained between the attitude and text difficulty measures for the 
entire sample of pupils included from all instructional program con- 
ditions are shown in Table 19 • 



TABLE 19 

Zero and Second-order Correlations Between 
Pre and Post Measures of Attitude and Text Difficulty 
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(Decimal points were omitted from figures) 



For all measures except the Aiken scale, rank-position scores were 
used. 

For each of the attitude indices, the second-order partial correlation 
^'^12. was reliably greater than zero with p < .001. These results 

indicate that there was a clear nonchance relationship between the 
degree of text difficulty experienced during the year and the amount 
of attitude change. As suggested above, these results, however, do not 
necessarily indicate that the text difficulty differences between pro- 
grams accounted for, i.e., were responsible for, the attitude differ- 
ences. The partial correlations obtained above reflect both the within 
and between program condition relations lhat existed between text 
difficulty and attitude change. It is conceivable that the correla- 
tions reflected relationships that existed primarily within rather 
than between the program conditions. Another possibility is that the 
relations between text difficulty and attitude change, either v^ithin 







and/or between conditions, reflected the effects of a third 
variable related to both, such as grade change. Evidence suppor- 
ting either of the latter possibilities is provided by an examina- 
tion of the treatment effects observed for grade change and the 
relations between grade change and attitude change, lio instruc- 
tional program differences were indicated for grades pupils re- 
ceived in ninth grade algebra,* nonetheless the second-order 
partial correlation (considering all pupils) between post grades 
and attitudes (controlling for prenieasures of each) indicate that 
these relationships vrere highly significant. For example, the 
second-order correlation between post Aiken scale scores and grades 
was .27 (p < .001), Since there were no significant between condi- 
tion differences for grade change, this relationship must be pri- 
marily the result of the relations existing within the treatment 
conditions relations,’ Also, this relationshi.p is of sufficient 
magnitude to suggest that grade change could be the main source 
of attitude change rather than text difficulty, A detailed analysis 
to determine more exactly the nature of the relations among text 
difficulty, grade change and attitude change, as well as the in- 
structional program effects when these relations are considered, was 
carried out in conjunction with the second year study reported below, 

c. Program Effects Considering Possible Moderator Variables 

— 111 I< I I — ‘ -W I m It ■ ■ i ii 






Another question separate from that concerning the general effects 
observed for the ^ programs was whether the effects on attitudes and 
i interests were the same for 'all pupils or the same under all condi- 

tions of instruction. This is a question of whether certain pupil 
characteristics or instructional conditions functioned as moderator 
\f . variables, in the sense that they interacted with the instructional 

I program variations to alter or modify .their effects. On the basis. 

of more general considerations, someirhat different attitude and in- 
f terest effects could have varied with such pupil characteristics as 

^ sex or level of mathematics ability or with the amount of experience 

teacher* s had using their respective E programs. Analyses were 
I carried out considering each of these factors as a possible source of 

\ differential attitudinal effects for the separate instructional 

> programs . 

• ^ • Pupil characteristics 
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In the previous analyses sex differences in attitudes toward mathe- 
matics as they developed over the year were observed in several in= 
stances. On the Perceived Utility index a consistently higher score 
was obtained by boys which was- however independent of the various in- 
structional program differences and no doubt reflected the effects of 
factors other than the instructional materials. Although the instruc- 
tional treatment effects tended to be in the same direction for both 
sexes, larger and more reliable differences were observed more fre- 
quently for girls in the analyses using the g - s scores on the 
Intrinsic Interest, Utility and Ease of Learning indices. Another in- 
dication of pupil sex as a moderator variable was observed on the Aiken 
scale- for the UICSM comparison. This appeared in the initial analysis 
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for the Aiken scale for which a reliable treatment by premeasure 
effect was observed for girls but not for boys. 

With respect to mathematics ability or proficiency as a possible 
moderating variable, the question is whether the E programs affected 
the attitudes of pupils having relatively higher and lower pro- 
ficiency in any differential way. This question derives from logi- 
cal as well as empirical considerations. In a separate questionnaire, 
distributed to obtain their reactions to. the experimental programs 
they were teaching and Judgments of their pupil* s reaction to these 
materials, teachers were asked to indicate, for high,, average, and 
low ability pupils separately, whether those in the E or C classes 
responded more favorably to their respective materials, A high 
porportion of the responding teachers indicated that among higher 
ability pupils, the response was more favorable for those in the 
experimental class, while among low ability pupils the response was 
mo 2 *e favorable for those in the C classes, (See Ryan and Rising (13 )), 
This Judgment probably represents a belief that the somewhat greater 
emphasis on the conceptual aspects of mathematics, in the E programs 
. would have rela,tively less appeal to lower ability pupils, while the 
somewhat more rote computational and rule learning character of the 
conventional programs would have relatively less appeal to the higher 
ability pupils. If true, then an interaction between ability and in- 
structional program should have occurred on measures of interest 
such that among lower ability pupils those in the E classes had less 
interest at the end of the year than those in the C classes, while 
among higher ability pupils, those in the E classes had the greater 
interest. 

To exaraine these questions, comparisons were made considering pupil 
sex and initial proficiency in mathematics for each of several 
attitude and. interest indices; the Aiken scale, and the indices of 
Intrinsic Interest and Perceived Utility using the r — p scores for 
the latter. The pupils score on the mathematics section of the STEP 
obtained at the beginning of the year served as a measure of mathe- 
matics ability or proficiency. The comparisons were made using 
analysis of variance within each E program condition. Four factors 
were considered; instructional treatment (E or C), pupil sex, and 
initial (pre) levels of proficiency and of interest, the latter being 
the premeasure of the dependent variable. For each of the latter two 
measures, two levels determined by the median of the distribution of 
scores of all pupils on each were used. 

In this analysis, variation of the treatment effects with the pupils* 
initial level of proficiency, sex and/or both factors would be indi- 
cated by significant treatment by proficiency , treatment by sex , or 
treatment by proficiei^VTy sex interactions , respectively. Table 20 
shows the adjusted means on each of the attitude indices for pupils 
having higher and lower levels of proficiency within sex, instructional 
treatment, and E comparison condition categories. Tables 21 and 22 
show the results of the analyses of variance' for each of the indices,. 

As can be seen, for none of the interest measures were- the specific 
ower order interactions indicating a genera l moderating effect for 
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TABLE SO 



Adjusted Interest Index Means for E and C Class Pupils by Sex and 
, Level of Proficiency in Mathematics for Each Program Comparison Condition. 
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Level 
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48.7 
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3.55 
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3.31 
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1*8.1* 


51.2 


UICSM 


















low 


3.10 


3.23 


' Ii8.7 


49.4 
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45.4 


F 
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52.1 


50.7 
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54.5 


52.5 


53.1* 




ave. 


3.30 


3.hl 


51.4 


52.7 


51.3 


52.9 




low 


3.11 . 


3.31 


49.2 


51.2 


47.3 


52.6 


F 


high 


3.23 


3M 


51.9 


‘48.6 


50.1 


50.3 




ave. 


3.17 


3.37 


50.6 


49.9 


48.7 


51.4 


• 


low 


3.12 


3.37 


48.8 


51.5 


48.7 


52.5 


All 


high 


3.37 


3.h2 


53.1 


51.6 


51,3 


51.8 




ave. 


3.2h 


3.39 


50.9 


51.3 


*50.0 


52.2 
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Includes the remaining first and second order interactions that do not 
involve the treatment factor. 



table; 22 



ERIC 



Results of Analysis of Variance of Perceived Utility Index (r~p) Scores Tv^ithin Eacli 
Experimental Program Condition Considering Pupil Sex and Proficiency in Mathematics' 



Ball State 



UICSM 



SMEG 



Source 




Mean 




Mean 




Mean 




of Variation 


d.f. 


square 


F 


square 


F 


square 


F 


Treatment 


1 


31.6 




10.8 


2.3 


18.5 


6.3 


Sex 


1 


2h.k 


6. 5^' 


28. U 


6.0^ 


i6.9 


5.7' 


Math Proficiency 


1 


31.7 


3.1 


39.3 


8.2** 


3-h 


1.2 


Preraeasure 


1 


60.7 


16 . 1 «^»> 


159.0 


33.3**^ 


305.9 


103.3 


T X S 


1 


1.9 


.5 


.5 


.1 


l.h 


.5 


T X MP 


1 


.U 


.1 


11.0 


2.3 


10.5 


3.5 


T X P 


1 


.3 


.1 


6.9 


1.5 


.3 


.1 


T X S X MP 


1 


10.5 


2.8 


.7 


.2 


3.U 


1.1 


T X S X P 


1 


5.1 


l,k 


9.8 


2.1 . 


3.3 


1.1 


T X lyiP X P 


1 


h,3 


1.2 


.1 


.0 


1.6 


.6 


T X S X MP X P 


1 


1.5 


.U 


3.6 


.8 


.0 


.0 


Residual 


k 


h,l . 


1.1 


1.9 


A 


2.5 


.8 


Adjusted 


d.f. 


396 




321 . 




399 




error 


















M.S. 


3.8 




l».8 




3.0 





« p < .05 






p < .01 



*** p <. .001 



5 ^ 



i 



A 






for pupil proficiency and/or sex, significant at the ,05 level 
or less. For the Aiken scale, two higher order interactions were 
indicated; a treatment by proficiency by premeasure interaction 
for the UICSM program comparison and an interaction involving all 
four factors for the Ball State program. Neither of these inter- 
actions appeared to reflect an easily interpretable pattern of 
effects® and since the analysis was concerned primarily with more 
general, i,e, lower order, interaction effects no further compari- 
sons were carried out. 

In general, on the basis of this analysis, it does not appear that 
the effects of the experimental prograns vary between pupils having 
different levels of proficiency in mathematics at the beginning of 
the year, i,e,, mathematics proficiency did not moderate attitude 
differences between instructional prograns. Nor did this analysis 
provide any conclusive evidence that there were any differential 
treatment effects associated with sex differences. 

The analyses considering initial pupil ability and sex, however, re- 
vealed other differences which had more general implications concern- 
ing the instructional treatment effects. It can be seen in Table 21 
for the SMSG program comparison on the Aiken scale that a reliable 
treatment difference was indicated which resulted from higher mean 
scores obtained by pupils instructed with the conventional rather 
than the SMSG program. This difference had not been found to be as 
large nor as reliable in the previous analysis (shovm in Tables 3 
and 5 ), Moreover, a change of some degree in the magnitude and 

reliability of the instructional treatment differences for the S 
programs was also indicated for the index of Perceived Utility, For 
the latter analysis, reliable E - C differences were indicated in the 
Ball State and SMSG comparisons with the C class pupils having the 
higher mean scores in both instances. In the previous analysis (shown 
in Tab3.e 15 ) however, although these differences were in the same 
direction, they were not statistically reliable. For the UICSM pro- 
gram in the analysis considering pupil proficiency and sex, the E - C 
difference was smaller and less reliable (actually non-significant by 
the criterion being used) than had appeared in the previous analysis. 

The difference in outcome between the two analyses could have been due 
to either or both of two conditions: (l) A variation in the E - C 
differences for individual teachers for whom there was also a con- 
commitant variation in class size. The earlier analysis adjusted for 



® For the UICSM program, in terms of E - C differences the inter- 
action reflected a diffei'ence in favor of the E class pupils for 
those low on premeasures of both ability and interest high on 
both premeasures while the difference favored C class pupils in 
the remaining two cross classification categories. 
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class size differences (by considering ’’teacher" as a dimension) ^ 
while that involving pupil ability and sex did not include this 
adjustment. However, if between teacher variations in E - C differ- 
ences were of some magnitude, this should have been reflected by a 
reliable teacher by treatment interaction, (2) A difference be- 
tween E and C class pupils with respect to the distribution of one 
or both of the factors (proficiency and/or sex) for which there 
was sorae degree of correspondence with the dependent variable that 
had not been adjusted out by the premeasure control variable. The 
procedures followed for the analysis were directed toward minimizing 
E - C differences with respect to the premeasure for a given index. 
These procedures should also have reduced or minimized E - C differ- 
ences with respect to any other beginning-of-year pupil character- 
istics which happened to be correlated with the dependent variable 
assuming that they would be at least as highly correlated with the 
premeasure of the dependent variable. It may have been that the 
'analysis procedures did not provide a sufficient control or adjust- 
ment for the effects of certain pupil characteristics such as sex 
or initial proficiency on at least sorae of the indices and/or these 
characteristics were more highly related to the post than the pre- 
measures of the variable. 

It was on the perceived utility index that the alternate analyses 
-differed most with respect to the statistical significance (but not 
direction) of the differences for the separate E programs. On this 
index for the UICSM comparison, both proficiency and sex were re- 
lated to the dependent variable as indicated by the main effects for 
each, while no teacher by treatment interaction was indicated in 
the earlier analysis. Also a closer examination of the data revealed 
a slightly higher overall proportion of both males and higher pro- 
ficiency pupils (members of both categories tending to have higher 
scores) in the UICSM classes. The latter differences , which may not 
have been adjusted out of the earlier ajialys is , appear to provide the 
most plausible explanation for differences obtained by the separate * 
analyses for the UICSM program comparison. For the SMSG and Ball 
State comparisons, reliable teacher by treatment interactions as well 
as sex differences were obtained in the separate ana3.yses. For each 
of these compa.risons, the distribution with respect to initial pro- 
ficiency was quite similar for E and C groups but for the Ball State 
comparison there was a higher proportion of males in the C classes. 
Consequently for these programs either of the above conditions could 
have contributed to the variation in results. 



^ Giving equal weight to the scores obtained for each class unit 
is essentially an adjustment for variations in the number of 
pupils in the class units. 
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The occurrence of an overall difference in the sex and proficiency 
distributions however does not unequivocally indicate that these 
factors were accounting for the variation in treatraent effects in- 
dicated by the analyses since the analysis design could have con- 
trolled for some variation in these factors, A more extensive 
analysis providing for direct control on the possible effects of 
each of these factors would be required to determine the nature of 
the E - C differences in more precise terms. 

For the most part the results observed with respect to the treat- 
raent differences when pupil sex and proficiency were taken into 
account affect primarily the conclusions that could be made for 
the UICSM program on the perceived utility index,* It appears that 
the reliably higher score indicated for UICSM instructed pupils in 
the previous analysis may have been due in part to factors other 
than the instructional program. On the other hand, for an analysis 
on perceived utility scores across all E program conditions, a re- 
liable treatment by program interaction (F(2,1116) = 6,1, p < ,01) 
was again obtained when pupil sex and proficiency were considered. 

The latter interaction reflected the variation in the direction of 
the E - C differences between the UICSM and the other E program 
comparison conditions which had been observed in the previous 
analysis shown in Table lU indicating that there was not as much 
negative change in the perception of mathematics utility for the 
UICSM as for the Ball State and SMSG pupils, 

ii, Te_acher experience with, the experimental prograras 

It would be reasonable to expect that as teachers had additional 
years experience with a new program of instruction, they would be in 
a better position to impliment the instructional objectives specific 
to that program and probably reduce' somevrhat any special difficulties 
or additional effort required in connection with its use. To the ex- 
tent that such factors affected pupil attitudes either directly or 
indirectly, they would contribute in general to greater variation 
in E - C differences among teachers having differing amounts of ex- 
perience and specifically to greater differences in favor of Phe E 
program for classes of teachers with more experience. On the other 
hand, over time there might be a tendency, due in part to increased 
familiarity, for the teacher to introduce some of the more positive 
characteris'bics of the E programs in his conventional classes. If 
■this were the case smaller E - C differences in pupil outcomes, affected 
by these factors would be expected, A question exists therefore, as 
to whether .E - C differences for the measures obtained did vary be- 
tween teachers having more or less experience with the respective 
E programs they were using. 

In the earlier analyses for each of the attitude indices, teachers 
were treated as a separate dimension. Consequently if any teacher 



connected characteristics contributed to a reliable variation in the 
treatment differences, this effect would necessarily have been re- 
flected in the analyses by a significant teacher. by treatment or teacher 
by treatment by premeasure interaction. Conversely, nonsignificant 
teacher by treatraent interactions would indicate that there were no 
real variations between teachers with respect to E - C differences on 
the measure being considered. 
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Examining the results of the analysis carried out for the 
separate attitude raeasures, only for the following measures 
and E program comparison conditions were significant teacher by 
treatment interactions indicated: Perceived Kiiowledge, g - s 

score, Ball State; Perceived. Utility, r - p score. Ball State 
and SMSG; and Ease of Learning, r - p score, SMSG,*® For each 
of these measures and E program conditions, additional analyses 
were carried out to determine if the between teacher variation 
in E - C differences resulted from or was associated with differ- 
ences in teacher experience with the E programs. In each instance 
teachers were classified according to their relative level of ex- 
perience and the reliability of the E — C treatment difference 
within each experience level was determined using analysis of 
variance within each experience level. The adjusted means being 
compared and the pertinent results of the analysis are shoim in 
Table 23 . 

For. the Ball State and UICSM programs on the Perceived Utility 
index (r - p scores) and the Ball State program on the Perceived 
Knowledge index (g - s scores), none of the within experience-level 
treatment differences reached the .05 level of significance. It is 
evident though that in each of these instances the classes of the 
most experienced teachers tended to exhibit the smallest E - C 
differences. The within experience-level comparison for the SMSG 
program on the EOL index (r. — p scores) did however show a highly 
reliable treatment difference for classes of teachers having the 
most experience with this program. The latter result indicates 
that the tendency observed more generally , which was for E class 
pupils to experience greater learning difficulty, occurred for 
SMSG instructed pupils in classes of teachers having the most ex- 
perience with this program. On logical grounds it would seera that 
a difference of this type would be more likely among c3.asses of 
teachers having less experience with a specific program. 

In general the treatment differences did not vary with the amount 
of teacher experience with the E programs. For the SMSG program 
reliably/' greater ease-of-learning scores were obtained by C class 
pupils* of teachers having somewha.t more experience, IJo such differ- 
ence was indicated for teachers having less experience. 

Properties of and Re l ations Among the Attitude, Interest- and • 
Proficiency Measures 

Because it is relevant to some of the methodological questions dis- . 
cussed above, certain properties or characteristics of the measuring 
instruments that were used should be considered, . The properties of 
primary interest' are the reliability and validity of these measures. 
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For the Ball State program on the Perceived Knowledge score, a signi 
ficant three-way (teacher x treatment x premeasure) interaction was 
indicated. 
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TABLE 23 

Results of Analysis of Variance Within Levels of Teacher Experience With E Program 






In the context of the objectives of this study, the question of 
validity concerns the degree to which the separate attitude and 
interest indices are measuring relatively independent or separate 
attitudinal reactions or dimensions and whether on the whole the 
affective factors or reactions being measured are independent of 
performance or achievement characteristics and more general academic 
attitudes. 

Reliability , Data were gathered and analyses carried out to obtain 
estimates of both the internal consistency and the stability of the 
scores for the various indices or measures that were used. To ob- 
tain an estimate of the reliability of the various attitude indices 
over time, the fall version of the questionnaire containing all 
items in the indices was administered twice within a three month 
interval to a sample of 200 ninth grade algebra pupils in three 
schools not participating in the main study. Produce-moment correla- 
tions were computed for both absolute-value and rank-position scores 
on the indices derived from the questionnaire responses. The test- 
retest reliability coefficients for the "retest" sample are shown 
in Table 25 , (A separate indication of the stability of the indices 
over the school year was obtained for the main data sample from the 
correlations between scores on the same indices obtained from the 
Fall and Spring questionnaires. These are shown in Table 26 ), 

Internal consistency reliability coefficients^ Hrere computed separately 
for the indices from the first and second administration of the 
questionnaire (fall version) to the retest sample shown in Table 25 
and for the indices derived from the fall and spring versions of the 
questionnaire for the actual data sample shown in Table 2h , These 
coefficients were computed for both absolute value and rank position 
scores. The reliability coefficients indicate that each of the 
separate indices was sufficiently internally consistent to provide an 
adequate measure of a pupil characteristic for purposes of group com- 
parison. 

Relations betireen indices. Tables 2o and 27 show the correlations 
obtained between the separate attitude and interest indices and 
measures of achievement for the graphic-scale and rank position scores, 
respectively. 



These were determined using the Hoyt reliability formulas found in 
Cronbach, Rajaratnam and Gleser ( 7 ). This procedure utilizes 

analysis of variance considering the within pupil item response 
variance and the between pupil score variance. 



The Hoyt formula is: 



^11 



MS between nunils - MS within pupils 

» 1^1 1 n^u-iuji -1 111 L It wj ■■ m'liTi^f I irr iTjiir !-■ iT tIji n> 1 — 1 — rrY — r tVt 

MS between pupils 
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TABLE 2k 



Coefficients of Internal Consistency Obtained for the Attitude and 
Interest Measures from the Data Sample (N = 1100 ) 



Measure 


Fall 

a-v 


r-p 


a-v 


Spring 

r-p 


Aiken scale 


a 


- 


96 


- 


Intrinsic Interest 


T8 


80 


81 


86 

• 


Perceived Utility 


7T 


75 


83 


75 


Perceived Knowledge 


72 


76 


78 


86 


Ease of Learning 


73 


71 


89 


87 



ct 

Computed only for spring administration 



TABLE 25 

Reliability Coefficients Obtained for the Attitude and Interest 
Indices from the "Retest" Sample 



Measure 


Test- 


retest 




Internal 


Consistency 






a-v 


r-p 


First Admin, 
a-v r-p 


Second Admin, 
a-v r-p 


Aiken scale 


81 




a 


- 


a 


- 


Dutton scale 


6k 


- 


b 


- 


b 


- 


Intrinsic Interest 


70 


6o 


80 


83 


82 


86 


Perceived Utility 


5k 


50 


72 


76 


Sk 


81 


Perceived Knowledge 


6l 


65 


79 


91 


82 


90 


Ease of Learning 


68 


61 


76 


i 

71 


75 


86 



^An internal consistency coefficient for the Aiken scale was deter- 
mined for the data sample only since this scale had been originally • 
developed independent of the present data sample. 



^Becauje of the nature of the response required for the separate 
items on this Likert type scale, it was not appropriate to compute 
the coefficient used for the other scales. No alternative pro- 
cedure for congputing the internal consistency for this scale was 
determined. 
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TABLE 26 

Correlations Between Graphic-scale Scores Obtained on Attitude 

mt^mmarna »< — <* tiiwi< i % kci >■ l aiw^ w^ 

and Interest Indices and Measures of Achievement* 



Measure 


1 


2 


3 


k 


1 

1 


5 


6 


7 


1 

! 


8 


9 


1 


Intrinsic Interest 


21 


3h 


70 


67 


1 

1 


54 


59 


36 


I 

1 


36 


22 


2 


Perceived Utility 


h2 


h2 


51 


h9 


1 

1 


43. 


43 


30 


1 


28 


29 


3 


Aiken scale 


67 


39 


d] 


85 


1 


68 


70 


48 


1 

1 


48 


34 


k 


Dutton scale 


6o 


38 


82 


65 


1 

1 


61 


63' 


44 


1 

- 4 - 


42 


32 


5 


Perceived Knowledge 


hi 


33 




52 


1 


in 


~ ~72 ~ ' 


'57’ 


T 

\ 


“68“ ~ 


“4T 


6 


Ease of Learning 


hi 


29 


58 


51 


1 

1 


62 


0 


56 


1 

i 


58 


39 


7 


Expected Grades 


hi 


26^ 


51 


hS 


1 


iL 




45 


1 

! 


68 


39 


8 


Actual Grades 


17 


Ih 


7s'' 


25 


r 

1 


45 


31 


50 


1 

1 


IE', 


*49 


9 


STEP-Math 


07 


15 


23 


22 


\ 

1 


38 


27 


38 


1 

1 


43 


61 



TABLE 27 

Correlations Between Rank-ppsition Scores Obtained on Attitude 
and Interest Indices and Measures of Achievement* 



Measure 


n 


2 


3 


4 


1 

1 


5 . 


6 


7 


1 

1 

i 


8 


9 . 


1 


Intrinsic Interest ■ 


El 


56 


59 


57 


1 

1 


69 


60 


53 


1 

1 

t 


32 


19 


2 


Perceived Utility 


50 


0 


36 


36 


1 


43 


35 


33 


1 

1 


10 


13 


3 


(Aiken scale) 


47 


24 


69 


85 


1 

1 


56 


52 


47 


1 


48 


34 


4 


(Dutton scale) 


45 


25 


82 


El 


1 

1 


56 


50 


44 


1 


42 


32 


5 


Perceived Knowledge 


67 


38 


"4^ 


43 


1 


0 


~ ~g~ ~ 


66 


’r 

1 


‘43““ 


~19 


6 


Ease of Learning 


47 


34 


44 


42. 


1 

I 


67 


E! 


67 


1 

1 


39 


15 


7 


Expected Grades 


52 


35 


44 


4l 


1 

1 


67 


63 


37 


1 

^+•1 

1 


38 


17 


8 


(Actual Grades) 


IP- 


02 


31 


28 


1 


15 


15 


20 


65 


49 


9 


(STEP-Math) 


OS 


02 


23 


22 


1 

I 


13 


•14 


15 


1 

1 


43 


61 



*Fall (pre) scores shown below diagonal 
Spring (post) scores shown above diagonal 

Fall-spring correla.tions for same scales shown ^ the diagonal 
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Considering the correlations at the beginning of the year for 
the graphic-scale scores, the pattern of empirical relations 
among these variables appears to fit a logical classification 
whiclj would distinguish three separate categories of variables: 

(1) External indices of proficiency in mathematics - grade and 
achievement test scores, (2) Attitudes toward the subject matter 
per se - indices of intrinsic interest, perceived utility and 
general mathematics attitudes and interests, (3) Pupil judgments 
or perceptions of their own proficiency or ability to successfully 
achieve the goals implicit in the subject matter - indices of 
ease-of-learning , perceived knowledge and expected grades. In the 
correlation tables the variables have been grouped in accordance 
with these categories. 

The general tendency toward higher interrelations for measures 
within these categories than for measures between categories pro- 
vides the empirical support for this grouping. This pattern of re- 
lations is not quite so clear for the post (spring) g - s scores 
nor for the correlations obtained using r - p scores, (It should 
be noted for the latter, however, that r — p score equivalents were 
not determined for the Aiken and Dutton scales, grades, or the 
mathematics proficiency test scores, which would tend to reduce 
the correlations between these measures and those for which r - p 
scores were obtained,) 

It is evident that the correlations between the attitude and interest 
indices and the measures of proficiency (achievement test .and grades) 
were relatively low, indicating that the attitude and interest 
indices were not reflecting to any predominant extent factors in 
common with measured proficiency or classroom performance. This is 
especially evident for the proficiency test which represented among 
these measures the clearest index of mathematics proficiency, as' such. 

The correlations between the separate attitude and interest indices, 
especially at the beginning of the year, were not so high as to pre- 
clude their being measures of conceptually independent factors or 
characteristics, but were sufficiently high to indicate that a common, 
general attitude factor was being reflected in each of them. 

In general, the relations araong scores at the end of the year tended 
to Tie higher than those at the beginning of the year. This suggests 
that a general factor came to have a predominant effect on whdt were 
at the beginning of the year more independent attitude dimensions and/or 
pupil characteristics. 



3« Summary and Discussion 

For the most general measures of interest in and attitude toward mathe- 
matics, as provided by the Aiken and Dutton scales, there appeared to 
be no indication of an overall differential effect for the E programs. 
Only for the UICSM program was any difference observed for these 
measures and this resulted from a difference for girls having initially 
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lover interests. Among the latter, those instructed with the UICSM 
program did exhibit higher interests than those instructed by the 
same teachers with conventional programs. 

Considering the specific attitude and interest indices there was 
some evidence that pupils instructed with the Ball State program 
tended to develop less positive attitudes than pupils instructed 
with conventional programs. This was most clearly indictited for 
the g - s scores on the Perceived Utility index and for the r - p 
scores on the Intrinsic Interest and Perceived Knowledge indices. 

At the same time for the UICSM instructed pupils there were indica- 
tions of the development of somewhat more positive attitudes than 
for those in the conventional program classes taught by the same 
teachers. This was most clearly indicated on the Perceived Utility 
index for both g — s and r — p scores which however reouired some 
(qualification as noted below. Similar differences for girls alone 
were also found on the Intrinsic Interest index. 

In general, considering the results from the main analyses for all 
of the attitude indices, there were some indications that the E 
programs effected the development of differential attitudes. These 
effects tended toward less positive attitudes for the pupils in- 
structed with Ball State program and toward more positive attitudes 
■for those instructed with the UICSM program with no very consistent 
observed for the SUSG program. In addition there were 
indications that pupils instructed with each of the E programs 
experienced more difficulty learning the subject matter. than pupils 
instructed with. conventional programs. For the most part, however,- 
none of the differences vras very large, accounting for a relatively 
small proportion of overall score variance in each instance. 



Ex^ination of several instructional factors to determine their con- 
tribution to the attitudinal outcomes revealed large instructional 
program differences in pupil Judgments of their instructional 
materials. Both the Ball State and SMSG instructed pupils reported 
relatively greater dif i iculty under s t an di ng their texts much more 
frequently than did conventional clas*s pupils, l’hT"uiCSM pupils, 
hov;-ever, did not differ in this respect from the C class pupils with 
whom they were compared. Further analyses also indicated that 

textbook difficulty” was a factor related to change in pupil atti- 
tude over the year, 

% 

Separate analyses considered grading differences and indices reflec- 
ting teacher evaluations of their experimental programs as factors 
contributing to E - C .differences. No evidence was obtained to indi- 
cate that either of these factors varied between -pupils in any of the 
E or C classes being compared, although there was some evidence that 
in general change in grade was related to change in attitude. 

The effect of the teacher’s experience with -the E programs was also 
examined. The only difference observed was on the Ease of Learning 
index for the SMSG teachers where greater learning difficulty among 
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E class pupils was observed for teachers who had the greatest 
amount of experience with the E program. This result is some- 
what difficult to explain and since it involved a small number 
of teachers and was not consistently observed should be supported 
by further evidence before it is considered to be a general 
effect associated with the SMSG program. 

Comparisons were also made to determine whether instructional 
program differences varied with certain relevant pupil character- 
istics such as sex and proficiency in mathematics. From the 
analyses carried out, there was no evidence that the E programs 
had any differential effects on the attitudes of pupils of higher 
or lower levels of proficiency in mathematics using as a measure 
of proficiency test scores obtained at the beginning of the year. 
Although there appeared to be indications that the instructional 
program effects varied between sexes for certain attitude indices 
when g - s scores were used, similar indications were not obtained 
when sex differences were assessed directly for r - p scores on 
the same index. It is possible that there was a sex difference 
in response style or other factors specific to the g - s scores. 
Examination of the moderating affects for sex and initial pupil 
proficiency indicated however that the difference observed for 
the UlCSi'I program could have been due in part to the general effects 
of these two factors. 

Overall the largest instructional program effects were observed for 
the pupils* judgments concerning the difficulty of the instruc- 
tional materials. However, in spite of the rather large differences 
in this regard for pupils instructed with the Ball State and SMSG 
programs, the attitude differences for these pupils were not of a 
similar magnitude. This may reflect in part the stability of the 
attitudes being measured in general, that is, the tendency for the 
initial attitudes to be sustained by a number of different factors 
or conditions , some of which may have operated to counter the nega- . 
tive effects of the text difficulty factor. 

With respect to subsequent studies, the results of the above 
analyses suggest that more equivocal results might be obtained if 
the analyses concerned with the instructional treatment differences 
provided for tighter control of existing (i,e, initial) pupil 
characteristics such as sex and mathematics proficiency and adjusted 
for any attitudinal effects associated with change in teacher • 
assigned grades. 
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Second Year Study 



Attitude and interest indices were obtained via questionnaire from a 
second sample of ninth grade algebra classes available through parti- 
cipation in the achievement study during the I965-66 school year. 

This data was gathered to make further assessments of the effects of 
the experimental programs on a separate sample of classes using re- 
vised versions of several of the specific attitude indices. This 
data was gathered to determine the generality of the results obtained 
for the first year study and to test more directly hypotheses genera- 
ted from the results and analysis for the first year data. 



Method 



Sasnple 

The sample consisted of twenty-one pairs of ninth grade algebra classes 
(one Band one C) of teachers participating in the achievement study 
during the 1965-66 school year. The basis for and conditions of parti-, 
•cipation were described above in connection with the first year 
questionnaire study. The sample included classes of teachers who had 
participated in both the achievement and attitude study the previous 
year, some -who had participated in the achievement study but due to 
some limitations in the nature of their participation had not been in- 
cluded in the attitude study and some teachers who were participating 
in the achievement study for the first time. 

Table 28 shows for those included in the analysis the number of 
teachers using each of the experimental programs in their E classes and 
the number of previous year's experience the teachers had using that 
program. 

Table 28 

Nuiaber of Teachers Following Each E Program and the 

Number of Previous Years Experience with That Prograsi 



Number of 
Previous Years. 


Ball state 


UICSM 


SMSG, 


Total 


3 


1 


2 


0 


3 


2 


2 


1 


1 


k 


1 


1 


I'- 


3 ■ 


5 


0 


1 


2 


1 


U 


Total 


5 


6 


5 


16 



V/ithin the, sample of classes from whom data had been gathered, the data 
for the classes of five teachers was not included in this analysis due 
to either large. differences between the E and C classes with respect to 
initial proficiency and previous performance (three teachers) or to there 
being only a very small number of pupils for v:hom sufficient data was 
available (two teachers). 
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Measurinis instriunent s 



Instructional program comparisons were made using the Aiken Interest 
Scale and the several indices measuring the specific attitude or 
interest dimensions used in the previous study; all of which have 
been described above (SectionlV Alb). These were the Intrinsic 
Interest, Perceived Knowledge, Perceived Utility, and Ease of 
Learning indices. For each of the latter indices an attempt was 
made to improve their internal consistency and general reliability 
and to obtain more independent and unique measures of the dimensions 
they were intended to reflect. This was done by the addition, re- 
vision or deletion of items in the questionnaire on the basis of 
data obtained from the pupil response to the items the previous year. 

The main result of the item evaluation was the development of a 
number of additional items for the Intrinsic Interest and Perceived 
Knowledge indices. 

Within the questionnaire, the item response format and procedure was 
the same as for the questionnaire used the previous year, i.e, pupils 
responded to each item on a five-point graphic scale, for each of the 
academic subjects in which they were enrolled; mathematics, English, 
science, social studies and foreign language, (See Appendix A ) 

Graphic scale response values were determined by the physical distance 
of the response given for mathematics on each individual item scale. 

The response values for each item vrere then normalized (i.e, converted 
to z-scores) on the basis of the response distribution for the item 
for the entire sample of pupils. Pupil scores on each indices were 
obtained by averaging the normalized values for the responses given 
by the pupil to the items in a specific index. The individual pupil 
scores for each indices were converted to standard scores with a mean 
of 50 and a standard deviation of 10 , 

The comparisons for the second year sample were made using for the 
most part the indices scores obtained from the graphic scale response- 
values. 

To obtain a measure of general proficiency in mathematics at the beginning 
of the year and of algebra achievement at the end of the year, the 
Mathematics section of the STEP and the COOP Algebra II test ^^respec- 
tively were administered to pupils in the sample. 

Data gathering procedures 

The data gathering procedures were essentially the same as those 
followed for the previous year which have been described above. 

Arrangements were made to have the questionnaires containing 



^ ^Published by Educational Testing Service, 
Princeton, Hew Jersey, 1965 
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the various attitude and interest indices and pupil reactions and 
judgments concerning the instructional materials and conditions, 
administered near the beginning and again near the end of the school 
year. . Scores on pre and post measures of mathematics proficiency 
and achievement were also obtained for pupils in most of these 
classes as were the grades they had received in mathematics during 
the ninth grade and during the previous year. 



Method of Analysis 

To determine the instructional program effects on change in pupil 
attitude and interest, a three-factor analysis of covariance was used. 
Instructional treatment (E or C class), teacher and pupil sex were 
the three dimensions. • Ali of the dimensions were crossed with the 
analyses being carried out separately for each of the E programs. 

Two covariates were considered in the analysis. One covariate was the 
premeasure of the attitude index being examined. This provided for 
the program comparisons to be made in terms of individual attitude 
change relative to that expected for the entire sample, i.e., relative 
to the regression of the pre on the post measure for a given index. 

The other covariate was an index of change in average mathematics grade 
from the previous to the concurrent year. The absolute difference 
betvreen a numerical equivalent of the average grade the pupil had re- 
ceived during the previous year (eighth grade) and during the ninth 
grade year was used as the index of grade change. Since the central 
question concerned the effects of the instructional programs, as such, 
independent of the effects of other conditions in the instructional 
situation, grade change as a covariate provided a control for any 
differences in this Regard between E and C class pupils. 

The specific questions to be answered by this analysis were: 

a) VJhether there was a differential change in attitude toward mather 
matics between E and C class pupils independent of initial attitude 
and any change in mathematics grade? 

b) I^hether there was any variation in the instructional program effects 
among teachers, i.e., a treatment by teacher interaction? 



This- index was used rather than an index representing the deviation of 
the post grade (algebra grade) from the regression of pre (eighth grade) 
on post grade because it afforded greater computational ease within 
the computer program used to carry out this analysis. 
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c) V/hether there was any variation in the instructional prograra 
effects between sexes, i.e., a treatment by sex interaction? 

The formal model and relevant descriptive information for this 
analysis is given in Appendix D • 



Preliminary to the analysis of covariance, a test of the assmnption 
of homogeneity of the within cell (treatment x teacher x sex) re- 
gression coefficients (i.e, beta coefficients) generated by the two 
covariates was carried out for each E program comparison condition. 

The criterion for accepting the assumption of homogeneity of within 
cell regression was a probability level of ,10 • V/here this assump- 
tion was rejected when all classification cells were considered, 
further tests were carried out to determine if the significant varia- 
tion in regression was due to a systematic difference in this regard 
between the E and C programs. Homogeneity of regression was also 
examined eunong both the teacher (across sex) and teacher by sex mar- 
ginal categories. 

An indication of regression homogeneity within the respective E and C 
conditions when not observed across all cells (i.e, across the E - C 
conditions) would in itself reflect one type of instructional program 
effect — a program by covariate interaction effect. The latter 
effect, however, because it indicates a different covariate adjustment 
would be required for the E and C conditions, would preclude further 
comparisons with an adjustment for the specific covariate, ' Lack of 
homogeneity both within and across treatment categories would suggest, 
on the other hand, that nonhomogeneity was a result of factors other 
than the instructional program. Under the latter condition, for this 
analysis, it was felt that the nonhomogeneity was most likely due to 
a grade-change regression variation between teachers that had resulted 
from variations in teacher grading practices. Consequently, where non- 
homogeneous regression was indicated both within as well as across 
treatment conditions, the grade-change covariate was dropped from the 
analysis and the analyses were carried out using only the premeasure 
of the dependent variable as a covariate, if homogeneity for the latter 
was indicated. The analysis considering only the premeasure as a 
covariate would be less sensitive in the sense of having a larger 
error term than if grade-change were included and the regression slopes 
were homogeneous. Exclusion of this possible statistical adjustment 
however would not have a systematic effect on the E - C differences 
when the homogeneity tests indicated that the slope variations were 
unrelated to the instructional .program difference, 

2, Results 

a* Program effects on attitude and interest indices . 

The prelirainary test of the homogeneity of the regression coefficients 
for both covariates, shown in Appendix E , indicated that this 
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assumption could not be accepted for all comparisons,^** In each in- 
stance where the assumption could not be accepted, nonhoraogeneity 
also occurred both within and between the program treatment condi- 
tions. and, consequently, the analysis in these cases was carried out 
with the attitude index premeasure as a single covariate. For the 
latter analysis in each comparison condition, with one exception, 
(Perceived Utility index, SMSG) regression homogeneity was obtained 
when the single premeasure covariate was used. Because of the 
nonhomogeneity of variance with either covariate, analysis of co- 
variance was not used for the comparisons On the Perceived Utility 
index for the SMSG condition. For this comparison, analysis of 
variance was used following the design employed in the first year 
study which included blocking (tvro levels) on the premeasure. 

Table 29 shows the unadjusted and adjusted Aiken Scale means obtained 
for each E program comparison condition and the beta coefficients 
for each covariate for which the adjustments were made. Table 30 
provides a summary of the analysis of covariance results obtained on 
the Aiken Scale, For none of the E program comparisons were the 
instructional program differences reliable at the ,05 level, although 
for both the UICSM and SMSG comparisons the probability level for 
the difference was less than ,10 , In both of the latter, comparisons, 
C class pupils had the higher interest scale’ scores. In none of the 
E prograiii comparisons on this measure were the treatment by teacher 
or the treatment by sex interactions significant. 

The unadjusted and adjusted Intrinsic .Interest index means are shown 
in Table 31 with the summary of the analysis of covariance results 
shown in Table 30 , For the Ball State program comparison, pupils 
instructed with the conventional program exhibited a reliably higher 
mean intrinsic interest score than those instructed with the Ball 
State program. No variation in this difference was 'indicated between 
sexes' or among teachers. For the UICSM and SMSG program comparisons, 
no reliable treatm.ent differences or reliable treatment interactions 
were indicated for the index of intrinsic interest. 

The means obtained on the Perceived Utility, Perceived Knowledge and 
Ease of Learning indices are sho^m in Tables 31 and 32 and the 
summary of analysis of covariance results for these indices are shown^ 
in Table 30 , The means and analyses of variance results on the 
Perceived Utility index for the SMSG comparison are sho'wn in Tables 33 
and 3^ , On none of these indices for any of the E program 



^** Non homogeneity for two covariates was indicated for the following 
attitude index and E program comparison condition combinations: 
Aiken Interest Scale, UICSM; Intrinsic Interest, SMSG; Perceived 
Knowledge, Ball State and SMSG; Utility, SMSG, 
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TABLE 29 

Unadjusted and Adjusted Unweighted Aiken Mathematics Interest 
Scale Means for E and C Class Pupils by Sex 



Unadjusted Adjusted 





Sex 


M 




Ave ._ 




F 


Ave. 


Program 


Treatment 














Ball State E 


3.31 


3.30 


3.30 


3.29 


3.21+ 


3.27 




C 


3.6k 


3.36 


3.50 


3.k6 


3.32 


3.39 


Covariate 


beta weight 


. { 


.Premeasure 




.79 








{ 


Grade 


change 


• 


.06 




UICSM 


















E 


3.15 


3.01 


3.08 


3.03 


3.05 


3.01+ 




C 


3.07 


3.21 


3.1^+ 


3.16 


3.16 


3.16 


Covariate 


beta weight 


{ 


Premeasure 




^87 








{• 


Grade 


change 




■ a 





SMSG 


E 


3.28 


3.06 


3.17 


3,36 3.36 


3.36 




C 


3.39 


3.3I+ 


3.36 


3.1+6 3.51^- 


3.50 


Covariate 


beta weight 


• { 


Premeasure 


.83 • 








{ 


Grade 


change 


.07 





^ Grade change was not included^ as a 
covariate in the analysis. 
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Grade change was not included as a covariate in this comparison 
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TABLE 33 



Adjusted (unweighted) Perceived Utility Index Means 
‘ for E and C Class Pupils in the SMSG Progr^ Comparison 





Premeasure 

Level 


Low 






High 






Sex 


M 


F 


Ave. 


M 


F 


Ave. 


E 




he. 9 


1 * 5.6 


46.2 


56.0 


48 .J 


52.3 


C 




h 6.7 


. 1 * 3.8 


46.3 


56.1 


51.2 


53.6 



« 




TABLE 3 U 

Summary of Results of Analyses of Variance on Perceived Utility 
Index- Scores for SMSG Program Comparison 



Source 
of Variance 


d.f. 


M.S. 


F 


P 


Treatment 


1 


4.472 


< 1 . 0 . 




Premeasure 


1 


454.779 


■ 22.73 




Sex 


1 


213.096 


10.65 




Teacher 


4 


- 9.339 


< 1,0 




Tr X Pre 


1 


3.803 


< 1.0 




Tr X S 


1 


.752 


< 1.0 • 




Tr X Tch 


4 


13.297 


.< 1.0 




Tr X Pre x S 


1 


22.764 


l.l 4 




Tr X Pre x Tch 


4 


27.641 


1.38 




Tr X S X Tch 


4 


54.236 


2.71 




Tr X S X Tch x Pre 


4 


4.768 . 


< 1.0 




Residual 


13 


27.132 


1.36 




Error 


179 


20.012 
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comparisons were the instructional program differences reliable, 
nor vrere any significant instructional treatment interactions with 
either sex or teacher indicated. For the Ball State program compari- 
son on both the Perceived Knowledge and Ease of Learning indices, 
there was a tendency for the C class boys to have higher means than 
those instructed with the Sail State program and for the Ball State 
girls to have higher means than the C class girls. An F-ratio of 
marginal significance (p < ,10) was obtained for these differences. 

Overall, there was very little indication of instructional program 
differences of any magnitude on the attitude and interest indices. 
Pupils in the Ball State program appeared to develop a somewhat lower 
interest in mathematics than those in the comparison conventional 
classes as measured by the Intrinsic Interest index. There was also 
a tendency for UICSM and SMSG instructed pupils to have lower scores 
on the Aiken scale than those in conventional classes. The latter 
differences, hovrever, were supported only by a marginal probability 
level, • There were no clear indications of any differential program 
effects between sexes or among teachers for any of the comparisons. 



Program effects on attitude relevant instructional conditions. 

Textbook Difficulty , In the first year study pupils using the Ball 
State and SMSG programs reported much more difficulty understanding 
their instructional materials (the experimental textbooks) than did 
comparison pupils using conventional materials. This effect repre- 
sented the most distinctive difference that vras observed for the 
experimental programs. In the second year study an item inquiring 
about the difficulty of the materials was again included in the post 
questionnaire. Comparisons were made between E and C class pupils • 
within each S program condition in terms of both the graphic-scale 
score and the rank-position obtained for responses to the textbook 
difficulty item, 

A three factor (instructional treatment by teacher by sex) analysis 
of covariance following the design used in this study with the attitude 
measures was ca,rried out on the text difficulty g - s scores. The 
pupils score on the' premeasure of the Ease of Learning index was used 
as a covariate to control for initial differences in expected diffi- 
culty arising from previous experience with matheraatics , Ta'ble 35 
shows a siumnary of the results of the analysis of covariance for each 
E program comparison condition and the adjusted unweighted means 
obtained for the g - s scores on text difficulty 

For the Ball State program comparison, a highly reliable difference 
was obtained betvreen the E and C class pupils with those in the E 
classes reporting greater difficulty with the materials. This differ- 
ence did not vary in any significant way between sexes or teachers. 

For the UICSM comparison, the overall program differences were not 



15 



For each analysis a test of the assumption of homogeneity of within cell 
regression coefficients indicated that it vms acceptable with p > ,10 , 



TABLE 35 




Summary of Results of Analysis of Covariance and the Adjusted 
Unweighted Means Obtained on the Text Difficulty Judgment 
(g - s Score) for Each E Program Comparison Condition 





Ball State 


• 


UICSM 






SMSG 




Source 
of Variance 


d.f. 


M.S. 




d.f. 


M.S. 


F 


. d.f. 


M.S. 


F 


Treatment 


1 


1276 


, 

6.7“* 


1 


105 


<1.0 


1 


3173 


3.5 


Sex 


1 


6 


<1.0 


1 


22 


<1.0 


.1 


1128 


6.1** 


Teacher 


k 


731 


3.8 


5 


81 


<1.0 


k 


806. 


li.3** 


Tr X S 


1 


U8 


<1.0 


1 


6hj 


3.3 


1 


22 


<1.0 


Tr X Te 


h 


• 10 


<1.0 


5 


892 


k.9 . 


k. 


923 


5.3*f 


.Te X S 


k 


99 


<1.0 


5 


298 


1.5 


k 


230 


1.2 


Tr X Te X S 


k 


2h 


<1.0 


5 


163 


<1.0 


h 


99 


<1.0 


Error 


200 


190 




218 


197 




19h 


186 




Covariate 
beta weight 




.55 






■ A9 











I' . * .p < .05; ** p < .01 

\ ^ 









Adjusted 


Means 








E 


C 


E 


C 


E 


C 


M 


33.4 


28.9 


37.8 


33.0 


44.6 


37.0 


F 


34.1 


27.5 


33.7 


35.8 


. 40.3 


31.3 



Ave. 33.7 28.2 ' 35.8 • 3^1.^+ U2,h 3h,2 




i 

f 

t' 

i 
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reliable, however there was significant variation in the E - C 
differences a^Tiong teachers and the treatment by sex interaction 
was very close to the criterion of significance i.e. .05 < p < ,0? , 
The latter outcome reflected the fact that for boys, those in the 
UICSM classes reported greater text difficulty while for the girls, 
greater difficulty was reported by those in the conventional classes, 
V/hen examined further by an analyses for each sex separately, the 
E — C difference for boys reached a marginal probability level, 

^1,218 ~ < p < .10, while the difference for girls did not. 

Overall, pupils instructed with the SMSG program reported a higher 
level of textbook difficulty than those in the comparison conventional 
classes. However, there V7as significant variation* in this respect 
aiaong teachers, A consequence of the highly significant teacher by 
treatment interaction was that the treatment difference that could 
be generalized was nonsignificant,^^ 

For both the UICSM and SMSG comparisons for which teacher by treat- 
ment interactions were indicated, further analyses were made to deter- 
mine if the variations among teachers with respect to E - C differ- 
ences in text difficulty were associated with the amount of teacher 
experience with the E program. For the UICSM program no correspondence 
was observed betvreen the magnitude of the E - C difference for each 
teacher and the amount of previous experience with the E program. For 
the SMSG program the magnitude of the E — C difference corresponded 
directly with the namber of years of teacher experience with the E 
program. The greater the teacher experience the less the amount of 
text difficulty reported by the E compared to the C class pupils. 
However, the small number of teachers at each experience level; one 
with three years, three with two years and one v;ith one year; would 
preclude any generalization. 

Comparisons for the rank-position response to the text-difficulty item 
were made within levels on the pre EOL index determined by the median 
of the distribution for all pupils on the EOL index, r — p scores. 

The comparisons were made combining the first and second rank positions 
using Chi-square to determine the reliability of the E - C differences. 
Tlie rank-position frequencies and results of the comparisons ar<^ shown 
in Table 36 . 



To enable generalization from the data sample to a larger population 
of teachers and classes, it was necessary that the treatment MS be- 
tested against the teacher by treatment interaction MS rather than 
the within cell error term because of the magnitude of the interaction 
term, (See A.ppendix D for details concerning the analysis design, ) 

If the question were restricted to this specific saraple of teachers 
and classes, then the treatment main effects were significant, 

^ " **^^^erro^ = 17tl, p <,001, however, because of the large E - C 

difference variation among teachers, this difference could not be 
generalized beyond this saraple. 
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TABLE 36 

Text Difficulty Rank Frequency Comparisons Between 
E and C Class Pupils, Second Year Study 



BALL 

STATE 



. * UICS?i 



SMSG 



Pre EOL 
level 



Low 



High 



Low 



High 



Low 



High 



Text 

diff. 

rank 




M 






F 




M 


+ F 




. E 


C 




C 


E 


C 




1,2 


7 


25 


32 


„ . 

12 


8 


20 


19 


33 


52 


3 


10 


13 


23 


26 


13 


39 


36 


26 


62 




17 


38 


55 


38 


21 


59 


• 55 


59 


llU 




2 ^- 

- 


2.00 




X^ 


= .05 




X^ = 


U.U2 


1 « 


1,2 


. 9 


25 


3h 


17 


19 


36 


26 


UU 


70 


3 


10 


9 


19 


12 


‘ 6 


18 


22 


Xh 


36 




19 


3h 


53 


29 


25 


5h 


hQ 


58 


106 




= 


2.58 




X^ 


= 1.13 




X^ = 


U.59 


* 


1,2 


13 


11 


2h 


7 


9 


16 


20 


20 


Uo 


3 


21 


20 


hi 


23 


22 


h5 


hh 


h2 


86 




3h 


31 


65 


30 


31 


61 


6h 


62 


126 




yl = 


0 

0 

• 




x.^ 


ir\ 

0 

• 

It 




X^ = 


.01 




1,2 


Ih 


17 


31 


15 


12 


27 


29 


29 


58 


3 


2h 


16 


ho 


• 22 


19 


In 


h6 


35 


81 




38 


33 


71 


37 


31 


68 


75 


6h 


139 




= 


1.01 




X^ 


It 

• 

0 

H 




X^ = 


.38 




1,2 


2 


7 


9 


9 


5 


Ih 


11 


12 


23 


3 


26 


23 


h9 


25 


15 


ho 


51 


38 


89 




28 


30 


58 


3h 


20 


5h 


62 


50 


112 




y 2 


1.79 




X^ 


0 

• 

II 




X^ = 


.3^ 




1,2 


3 


16 


19 


12 


16 


28 


15 


32 


U7 


3 


20 


15 


35 


13 


8 


21 


33 


23 


56 




23 


31 


5h 


25 


2h 


h9 


U8 


55 


103 




y 2 - 


7.01*«- 


X^ 


= 1.06 




y 2 ^ 


6 .U 5 ' 





« p < .05 , ** P < .01 

computed with Yates correction 
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For the Ball State and SMSG programs, the rank-position responses 
indicated differences in the same direction but not of the same 
magnitude as those obtained on the graphic-scale scores. For the 
Ball State program, at both pre EOL levels, the frequency differ- 
ences vfere reliable only when both sexes were combined. For the 
SMSG program reliable program differences were obtained only for 
higher pre EOL (lower expected difficulty) pupils. For the UICSM 
program, although the r - p responses did not show the treatment 
by sex interaction tendency obtained for the g - s score analysis, 
the absence of program difference was shoim for both scores. 

The difference between the results obtained for the g - s and r - p 
scores could have been due in part to the fact that the r - p responses 
provided a less precise measure than the g - s scores. However, it is 
also evident that the differences obtained using r - p scores for the 
Ball State and SMSG programs were not as large in this study as they 
were in the first year study. For the SMSG program, the variation 
in text difficulty with teacher experience with the E program may in 
part account for difference between studies since generally the 
teacher’s in the first year study had less experience. 



Properties of and relations among the attitude and interest indices 
• and nroficiency measures. 

Table 37 shows the internal consistency reliability coefficients for 
the attitude and interest indices used in this study. The reliabilities 
for the Intrinsic Interest and Perceived Utility indices are somewhat 
higher than obtained for the first year study reflecting the revision 
and addition of items for these measures. 

Table 38 shows the intercorrelations araong the attitude, interest and 
proficiency measures obtained at the beginning .and end of the year. 

The correlations between attitude and interest indices and measures of 
proficiency show as in the first year study that there was some degree 
of independence between these two types of measures. However the 
pattern of intercorrelations generally differed soniev?hat from that 
obtained for’ the first year study, especially those relations obtained 
at the beginning of the year. In this study the Intrinsic Interest and 
Perceived Knowledge indices and the Aiken Interest scale were all more . 
highly intercorrelated than in the first year study. The addition of 
items to these indices which contributed to their higher reliability 
also apparently increased their tendency to assess a more general 
attitude factor and .thereby probably reduced somewhat the extent to 
which they assessed the more specific independent attitudinal dimensions 
they were developed to measure. Also the Ease of Learning index 
generally exhibited lower correlations with other indices than had been 
the case the previous year. There is no obvious explanation for this 
difference. 
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TABLE 37 



Coefficients of Internal Consistency Obtained for 
Attitude and Interest Indices 



(Second Year Study, Graphic-scale Scores, N - 575) 



Measure 



Fall Administration 



Spring Administration 






Intrinsic Interest 
Perceived Utility 

I 

Perceived Knowledge 
Ease of Learning 
Aiken 



85 

74 

88 

68 

a 



92 
75 

93 
84 
96 



^ot completed for the Fall Administration. 



TABLE 38 



Correlati'ons Between Attitude and Interest Indices 
. and Measures of Achievement 



(Second Year Study, N = 575) 



Measure 


1 


2 


3 


1 4 


5 


6 


1 7 


8 


1 


Intrinsic Interest 


0 


57 


81 


1 75 


31 


55 


1 51 


42 


2 


Perceived Utility 


45 


0 


50 


1 48 


16 


29 


1 28 


22 


3 


Aiken 


74 


38 


0 


1 76 


37 


58 


1 55 


46 


4 


Perceived Knowledge 


71 


40 


66 


TET' 


38 


75 


"T68 ' 


57 


5 


Ease of Learning 


43 


18 


57 


1 46 


@ 


32 


1 30 


24 


6 


Expected Grade 


53 


26 


58 


1 61 


51 


53 


1 75 


53 


7 


Actual Grade 


23 


08 


- 31 


J29 ■ 


21 


49 


IE) 


65 


8 


Achievement Test 


16 


13 


28 


1 28 


26 


40 


1 46 


51 



81 









5 










d. General instructional factors and conditions affecting attitude change 

In both the previous and present studies, there were indications that 
pupils instructed with the Ball State program had developed less 
positive attitudes toward mathematics and had greater difficulty with 
their instructional materials than pupils in the conventional compari- 
son classes. Also in the first year study, there was a significant 
relationship between change in attitude and the amount of text diffi- 
culty reported. These results suggest that the difficulty character- 
istic of the Ball State instructional materials may have been a 
factor affecting the pupil *s more general attitudes toward mathe- 
. matics and consequently may have contributed to or affected the 
attitude differences observed for pupils instructed with this experi- 
mental program. To determine the extent that text difficulty affected 
the attitude differences indicated for the Ball State program, further 
comparisons were made between the E and C class pupils on several 
attitude measures with adjustments for the affects of the text diffi- 
■culty factor. The comparisons were made using analysis of covariance 
considering three factors, instructional treatment, teacher and pupil 
sex, with measures of change in text difficulty and in mathematics 
grades as covariates, 

Relative change scores for each of the variables, text difficulty, 
grade and attitude, were used in the analysis. The change scores were 
deviations of the actual post scores from post -scores predicted by the 
premeasure of each variable, i.e, the actual deviations from the score 
expected on the basis of the linear regression of the post on pre- 
measure of each variable,^® 



1 7 

Mathematics grades were included as a covariate for two reasor*:, (l) 
Adjustments had been made for this factor in the earlier analysis 
examining instructional treatment effects on the attitude indices, (2) 
Adjustments for text difficulty as the only covariate would be based upon 
a within cell estimate of the text difficulty affect on the attitude 
measure. Such an adjustment however would reflect the regression effects 
of factors other than text difficulty, that is factors correlated with 
text difficulty and attitude such as grades. Because the within treat- 
ment affect of such correlated factors as grades would not represent a 
between treatment effect, such factors should not logically contribute 
to a between treatment adjustment. Including the mathematics grade 
variable explicitly a- a covariate precludes the over adjustment that 
would otherwise result. 

18 For text difficulty the premeasure was the pre EOL index score, for 
grade the premeasure was the previous year’s average mathematics grade, 
the post measure the concurrent year’s average ’ grade , 
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A summary of the results of the covariance analysis on change in 
attitude as measured by change scores on the Aiken Interest Scale, 
and the Intrinsic Interest, and Perceived Utility indices when 
‘adjusted for change in text difficulty and grades are shown in 
Table 39 . For none of the indices were reliable treatment main 
effects or interactions obtained. The lack of a significant treat- 
ment difference on the Intrinsic Interest index when adjustment 
was made. for the text difficulty affects indicates that the signi- 
ficantly lower score exhibited on this index by Ball State pupils 
was associated with and presumably the consequence of a higher 
level of difficulty with the instructional materials for these 
pupils than for those in the comparisons, conventional classes. 

The fact that no treatment differences were observed generally on 
these indices when the text difficulty adjustment was made indicates 
further that the latter factor was not masking other attitude change 
effects of the Ball State program and suggests that the only in- 
structional program connected factor effecting attitude change in this 
comparison was text difficulty, 

t 

The differential effects of the alternate programs of instruction 
on the self-report measures of pupil attitudes toward mathematics 
were found to be quite small'. One reason for this could have been 
that these attitudes were quite stable having been firmly established 
prior to the ninth grade and consequently, relatively immxme to 
variations in conditions of instruction in the ninth grade. However, 
to the extent that there was no change in the attitudes measured 
by the various indices, the correlations between the pre and post 
scores obtained on the indices over the period of instruction would 
have approached the magnitude of their estimated internal consistency 
reliability coefficients. That there was some. degree of. difference 
between the two coefficients for each of the attitude indices can be 
seen by an exaraination of Tables 37 and 38 , which indicate quite ’ 
clearly that a fair amount of attitude change did occur oyer the 
period of instruction. 

An estimate of the proportion of variance that could be attributed to 
change over the year on a given attitude measure could be obtained by 
subtracting the maximum variance common to the pre and post measures 
from the total post score variance of the attitude measure. The 
maximum variance common to two measures is the square of the true 
correlation between .them, in this case between the pre and post 
measures. The tme correlation is the observed correlation' adjusted 
for unreliability or attenuation* Tlie true correlation between two. 
measures x and y, symbolized is usually given, as 

l*vY ^ 

rcca = . , The maximum variance common to both measures is 

r r • * 

xx^yy 

therefore r£_ , 
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TABLE 39 



Summary of Results of Analysis of Covariance on Interest 
Change Scores with Text Difficulty and Grade Change as 
Covariates in the Ball' State Program Comparison 



Source 
of Variance 


Aiken 

Interest Scale 
d.f. M.S. F 


Intrinsic 
Interest Index 

M.S. F 


Perceived 
Utility Index 

M.S. F 


Treatment 


1 


. 23 ' 


<1.0 


U9.I 


<1.0 


. 12.5 


<1.0 


Sex 


1 


1.81 


<1.0 


166.5 


U,78* 


589.7 


10. 1«* 


Teacher 


k 


I.U2 


<1.0 


88.1 


2.53* 


IUI.2 


2 .k 


Tr X S 


1 


. 68 


<1.0 


29.6 


<1.0 


2 k. e, 


<1.0 


Tr X Te 


k 


.60 


<1.0 


75.7 


2.17 


8 U .6 


l.h 


Te X S 


k 


3 , 9 h 


1.91 


20.0 


< 1.0 


k .2 


< 1.0 


Tr X Te X S 


k 


0 

ON 

• 


<1.0 


U3.8 


1.26 


91-1 


1.7 


Error 


IU9 


2.1 




3^.8 




58.7 





Using the pre-post correlation given in Table 38 for the value of 
r^^y , and the pre and post internal consistency reliability 
coefficients given in Table 37 for the values of r^x and ryjr, the 
proportion or total variance that is maxinura common variance and 
the residual variance, which is the proportion of variance to be 
accounted for by other factors thereby representing the variance for 
individual score change, is given below for the several attitude 
measures : 



A further question that could be considered then concerns the factors 
that were in general contributing to or associated with the attitude 
change that occurred. Within the study there were several variables 
that could be identified as possible sources of effects on pupil 
attitudes. Consequently, some additional analyses were carried out 
to determine the contribution of these variables to attitude change in • 
general in terras of the proportion of attitude change variance that 
could be accounted for when all pupils in the sample were considered 
independent of their specific, program of instruction, 

A preliminary analysis indicated that among several alternate measures, 
grade change and text difficulty (technically, experienced text diffi- 
culty since this index was adjusted for initial expected difficulty) 
were the only measures accounting for a sufficient proportion of inde- 
pendent attitude change variance to justify more detailed consideration. 

Treating text difficulty and grade change as predictor variables, a multi- 
ple linear regression analysis was carried out on change measures for 
each of the several attitude and interest indices. The analysis per-- 
mitted differentiating betv/een the proportion of variance on the attitude 



The other measures considered were an index of ’’effort input" derived 
from questionnaire items concerned with amount of mathematics class 
homework, the index of general learning difficulty and an alternate 
index of performance, the absolute grade change measure. None of 
these measures accounted for any significant amount of attitude 
change variance independent of the text difficulty and/or relative 
grade change measures. 



Maximum 



Residual, 
(Change Variance) 



Measure 



Common Variance 



Aiken Scale 
Intrinsic Interest 
Perceived Utility 
Perceived Knowledge 




M 

.53 

.55 

.55 
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change measure that represented the specific or independent contri- 
bution of the grade change variable, the specific or independent 
contribution of the text difficulty variable, and the contribution 
comitton to both variables, as well as the general contribution of 
each variable separately and combined (their respective specific 
contributions plus the common contribution). The results of this 
analysis are shown in Table , 



TABLE I4O 

Percent of Change Variance Accounted for by Text Difficulty and 
Grade Change Independently and Combined 
for Each Attitude and Interest Measure 



Proportion of attitude change variance accounted for by - 





Text 


Grade 


t,d and 






Both 




Difficulty 


Change 


g.c, in 


t,d 


6 »c 


t.d and 




Specifically 


Specifically 


Common 


alone 


alone 


g.c. 


Measure 


(a) 


(b) 


(c) 


(a+c) 


(b+c) 


( a+b+c ) 


Aiken 


3. >19 


6 ,i ^3 


3. 71 


7.20 


10.14 


13.63 


Intrinsic Interest 


7 . 9 >t 


6,10 


4,68 


12.62 


10.78 


18.72 


Perceived Utility 


2.76 


1,20 


1,05 


3.81 


• 2.25 


5.01 


Perceived Knowledge 


1.32 


lk :25 


3.35 


4,67 


17.60 


18.92 



For all of the measures the proportion of variance accounted for by each 
of the variables independently was quite significant statistically 
(p < ,01). The results show that grade change and text difficulty each 
accounted for an independent proportion of the attitude change variance 
which indicates that the text difficulty judgment represents a relatively 
independent reaction to the instructional materials rather than simply 
a reflection of factors connected v/ith the pupils’ performance. The rela- 
tive proportion of attitude change variance accounted for by each of 
these variables also varied among the separate attitude measures with ' 
text difficulty having a greater effect on the Intrinsic Interest index 
than on the other attitude measures and grade change having a greater 
effect on the Perceived Knovrledge index. 

The latter observation would seem to suggest that factors reflecting 
directly characteristics specific to the instructional content and/or 
materials have a greater effect on intrinsic interest in mathematics 
than on the pupils* judgments of his proficiency in this area. It was 
possibly for this reason that the differences for the Ball State program 
occurred only on the Intrinsic Interest index. 

Although for several of these measures, text difficulty and grade change 
account for a moderate proportion of the attitude change variance it is 
evident that there was a sizeable proportion of residual variance not 
accounted for by these variables, at least when included in a linear 
prediction model of the type used here. 
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c. 



Summary and Discussion of Results Obtained from Self-»Report Indices 



With respect to indices of attitude and interest, the first year study 
provided some .evidence that in comparison with pupils instructed by 
the same teachers with conventional prograjns, those instructed with 
the Ball State program developed less positive attitudes towards mathe- 
matics, while those instructed with the UICSM program developed more 
positive attitudes toward mathematics. The evidence was somewhat 
stronger for the Ball State than for the UICSM program and further 
analysis showed that there may have been some uncontrolled concommitant 
factors contributing to the UICSM program differences. For the SMSG 
program in the first year study there \rere only very limited indica- 
tions of any differential effects on pupil attitudes tovrard mathematics. 
For pupils instructed with each of the E programs »there were indica- 
tions of more general learning difficulty, as measured by an index of 
ease of learning, than for pupils receiving instruction with the con- 
ventional programs. The latter effect appeared to be somewhat greater 
for the Ball State program. For the most part, none of these effects 
were very large nor were the differences highly reliable in a statis- 
tical sense. 

Examination of pupil reaction to attitude relevant characteristics of 
the instructional programs in the first year study revealed that pupils 
instructed with the Ball State and the SMSG programs experienced 
greater difficulty understanding their respective materials (the E 
textbooks) than C class pupils. Similar differences did not appear 
for the UICSM program. Correlational data indicated that the textbook 
difficulty factor was related to indices of a-ttitude change suggesting 
that this characteristic of the instructional materials may have con- 
tributed to the attitude differences observed for the Ball State pro- 
gram , 

In the second year study, fewer differences were observed on the atti- 
tude indices for the E programs than had been the case in the first 
year study. This may have been the result of the use of an analysis 
which provided for closer control of concommitant factors. Nonetheless, 
for each of the E program comp.arisons , there were some differences 
which indicated that, if anything, less positive attitudes had developed 
for pupils instructed with the experimental programs. However, only 
for the Ball State program on the Intrinsic Interest index, was a 
difference of this nature beyond a marginal level of probability. The 
generally greater learning difficulty that had been observed for each 
of the E programs in the first year study did not appear as a differ- 
ence for any of the E programs in the second year study. 

In the second year study, the Ball Stats program was- also the only pro- 
gram for which a - generally higher level of textbook difficulty was 
indicated. For the SMSG program, the differences in this respect varied 
to a great extent among the teachers and in accordance with the amount 
of experience the teacher had using the E program. The latter result 
suggested that for the SMSG program, teacher experience using the pro- 
gram could have offset pupil difficulties with the instructional 
materials. Further ana3.yses determined that the text difficulty factor 
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could account for the differential attitude change observed for the 
Ball State pupils. There was on the other hand no evidence that in 
the absence of the negative text difficulty factor the Ball State- 
program would have contributed to the development of relatively more 
positive attitudes than had the conventional programs. 

In the first year study j teacher judgments or attitudes concerning 
the E- programs, their experience (number of years), using these pro- 
grams as well as initial pupil proficiency in mathematics and pupil 
sex were examined as factors that could effect or modify the atti- 
tudinal effects of the instructional programs.. In general none of 
these factors was found to have a consistent or reliable effect of 

any magnitude on the attitude differences between the E and C pro— 

. grams. 

-Data obtained concerning the properties of the specific attitude and 
interest measures indicated that these indices were sufficiently re— 
..liable to provide the group comparisons, being .carried out in this 
■ study. A very high level of reliability was shown for the indices 
-assessing a general- interest in mathematics. Interrelations among 
the various attitude and interest indices showed that these measures 
were refleooing factors quite independent of those assessed by test 
and grade measures of proficiency .or achievement in mathematics. 

Among the attitude -and interest indices however , there were • - ■ ■ - 

sufficiently high intercorrelations to siiggest that a general affec- 
tive factor was being reflected to a predominant degree in each 
measure. This was true to the extent that it would be difficult to 
conclude that differences observed on a given index occurred only for 
factors specific to that index, as such, especially since the actual 
magnitude of the differences observed on the separate indices was- not 
very large. 

Additional analyses showed that the. lack of larger instructional, 
program differences was not due to -the fact that the attitudes being - - 
measured did not change over the period of instruction. Approxiraabely 
one— half of the variance on the post attitude measures represented 
variation- due to change from- the premeasure. An assessment of the 
contribution to attitude change of two variables that appeared to be 
quite relevant to the attitude outcomes, textbook difficulty and rela— 
.tive change (from eighth to ninth grade) in teacher assigned mathe- 
matics grades indicated that both of these variables contributed 
independently to change on each of the attitude measures. The contri- 
bution to attitude change associated independently with each of these 
measures varied between the indices and in most instances- represented 
a moderate proportion of the total change variance. Of significance 
here was -the observation that a quality of the instructional materials 
as such, textbook difficulty, -contributed to change on an index of 
intrinsic interest in mathematics to the same degree as did a variable 
which would seem to represent for the pupil a very salient and objective 
attitude relevant factor in the instructional situation generally, - 
change in performance- evaluation or grade received. Moreover, the fact 
that change in perception of knowledge was more highly related to or 
affected by a change in grade while change in intrinsic interest was 
affected more by an independent quality of the instructional materials. 
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text difficulty, provides sone empirical evidence that measures of 
these two assumed dimensions of attitude were reflecting independent 
factors in spite of their fairly high correlation* Also this observa~ 
tion was consistent with the fact that the instructional program 
differences occurred on the Intrinsic Interest rather than the Perceived 
Knowledge indices ai:.d suggests ‘that the latter dimension was apparently 
less sensitive to qualities of the instructional program* 
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V. 



INSTRUCTIONAL PROGRAi-1 EFFECTS OBSERVED ON OVERT BEHAVIORAL 
INDICES OF INTEREST IN MATHE:-1ATICS 



As suggested in the more general discussion above, to the extent 
that a pupil has developed an intrinsic interest in mathematics, he 
would be expected to exhibit a willingness to expend time and effort 
in situations or activities concerned with or involving the use of 
mathematics. In connection with this project, observations were made, 
subsequent to instruction with one of the alternate programs, of pupil 
response to situations allowing a choice that would permit greater 
participation or involvement in mathematics of either an academic or 
recreational nature, that is situations that would provide overt be~ 
havioral indications of mathematics interest. The overt behavioral 
indications of pupil interest obtained as part of the project were: 

1, Pupil response to an opportunity to obtain recreational 
materials involving mathematics, 

2* The amount of pupil reading of library materials in 
mathematics 

3, Pupil enrollment in subsequent advanced. mathematics 
subjects in high school. 

The inference that a positive response in such situations represented 
some degree of intrinsic interest in mathematics assumes that such a 
response was not motivated primarily or exclusively by extrinsic 
factors i,e, the achievement of unrelated goals and objectives. On 
the other hand, the inference that the lack of a positive response 
represented a lesser degree of intrinsic interest assumes, among other 
things, that the pupil clearly perceived a given situation as one in 
which his existing interests or inclinations in this regard could be 
satisfied. Consequently, to the extent possible in connection with 
these situations, attempts v^ere made to reduce the possibility of pupils* 
responding favorably on the basis of extrinsic factors and to increase 
their awareness of aspects of the situations that appeared relevant to 
an interest in mathematics. 

However, for purposes of comparison to assess the effects of alternate 
programs of instruction on pupil interest, the level of validity of such 
indices is of less consequence if it can be assumed that; (l) the 
indices have at least some moderate degree of validity as measures of 
mathematics interest, and- (2) the factors affecting the validity, 
either positively or negatively, are unrelated to (i,e, occur to the 
same extent for) the alternate conditions being compared. Both of 
these assumptions appeared to be warranted. 

It was also recognized that any effects of a given program would develop 
only after some period of instruction with the program. Consequently, 
observations of effects in terms of overt behavioral indices were made 
in each instance near the end of or subsequent to the period of instruc- 
tion. 




A. 



Reo^uests for Matheniatics Recreational Materials 

1 , Mathematics activity bull e tin 

In this study, pupils were given the opportunity to obtain by re- 
quest copies of a series of four-page mathematics activity ’’bulle- 
tins" comprised of materials about or involving mathematics. In 
addition to requests, pupils were also required to engage in bulle- 
tin relevant activities as a means of obtaining further issues. 

The extent to which pupils requested the bulletin and engaged in the 
relevant activities to obtain additional issues was considered an 
indication of their level of intrinsic interest in mathematics. 
Procedures were followed to minimize the possibility of the pupils' 
bulletin related activities providing obvious extrinsic rewards. 

a. Method 



Samp3.^ The sample consisted of pupils in a total of 60 pairs of 
ninth, tenth, and eleventh grade mathematics classes participating in 
the field study of these experimental programs. Table ^1 shows the 
number of pairs of E and C classes by grade level and experimental 
program. Each pair of classes was taught by the same teacher at the 
sarnie grade level. 



TABLE ill 

Number of Pairs of E and C Classes Following Each 
Experimental Program at Each Grade Level 
Included in the Mathematics Activity Bulletin Study 



Grade 


BSP 


PROGRAI’l 

UICSM 


SMSG 


Total 


9th 


3 


2 


5 


10 


10th 


5 


2 


17 


2h 


11th 


Ih 


a 


12 


26 










6o 


^ There 


was no UICSM 


program for the eleventh grade. 



Mater ials and procedure . A series of six four-page magazine format 
recr’^^ronal or mathematics activity bulletins were prepared. The 
content of these bulletins included general information and articles 
about mathematics and topics in mathematics (e,g, topology, number 
systems, logic), activities which demonstrate mathematics principles 
and relationships, mathematics puzzles and garnies and in each issue a 
set of problems of the recreational rather than textbook type. The 
articles and materials vrere selected and prepared to cover topics of 
general interest and to avoid those specific to any particular instruc- 
tional program. Similar considerations were given to the language and 
terminology used. A sample copy of one issue of the bulletin is in- 
cluded as Appendix H , 
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Sufficient copies of the first issue of the bulletin for each of the 
two classes were sent to teachers of the participating ninth 
grade algebra, tenth grade geometry, and eleventh grade advanced 
algebra classes. The teachers were requested to distribute copies 

participating classes. The teachers v/ere 
also requested to refrain from encouraging (or discouraging) reading 
or responding to the bulletin either directly or in relation to 
class assignments. Tile general purpose of the bulletin (i.e. assess- 
ment of pupil interests) was revealed to the teachers but no indica- 
tion of any comparison between classes, teachers, etc., was suggested. 

Instructions were provided in the first (and each subsequent) issue 
for obtaining the next issue of the bulletin. The procedure to obtain 
the second issue and in turn the third issue, consisted simply of the 
pupil’s filling out the addressed postcard enclosed with each copy 
with his name, home address, grade and school and mailing it. Use of 
the pupil's home address reduced the possibility that the teacher and 
other school related factors could influence the pupil's response. 

Beginning with the third issue, hov/ever, the procedure for obtaining 
further issues was modified to require pupils to attemp t but not 
necessarily solve, any of the three or four problems included in each 
issue. Instead of the postcard, a larger form w’-ith space for indi- 
cating attempted solutions in addition to the necessary pupil informa- 
tion was included for the pupil response with a stamped-addressed en- 
velope. Tlie attempted problem solution requirement v;as introduced 
because a request in and of itself for additional issues of the bulle- 
tin, although a probable indication of a certain level of interest in 
mathematics activities and materials, might represent only a passive 
level of interest. It could also represent other motives, such as 
' a desire to obtain some personal mail or a free magazine, with little 
actual interest in the content as such. Furthermore, motives at this 
level might not reflect the more specific interest in mathematics that 
could possibly by differentially developed by the instructional 
materials being compared. Consequently it was desirable to obtain an 
indication of a higher degree of interest and involvement in mathe- 
matics materials in terms of relevant effort and activity. So as not 
to restrict the future requests, only to those who felt they had 
appropriate problem solving or mathematics ability, it was explicitly 
indicated that a correct solution was not necessary; only an attempt 
at a solution. Answers were provided in each subsequent issue. 

This procedure v;as required for each issue after issue three up to 
and including issue number six. Pupils responding to issue number six, 
i.e. requesting a non-existant seventh issue, were sent a letter indi- 
cating no further issues were available, with an explanation of the 
purpose of the project and thanking them for their interest as well as 
providing answers to the problems in issue six. 

The rate of response to the first issue (approximately Hoj^) indicated 
the possibility of a fairly rapid rate of attrition over the entire 
series of issues, since following the above procedure, if pupils stopped 
responding, they received no further issues nor the opportunity to re- 
quest further issues. Therefore, a "priming” procedure was instituted 
to elicit a more extensive response. Pupils who failed to respond fur- 
ther within a given period of time after making one or more requests 
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were sent the next issue in the series with a note explaining that 
surplus copies of that issue were available but that to receive 
further issues req.uired their response in the usual manner. No 
pupil was, however, "primed" on more than one occasion. 

Analysis , The number of separate issues of the bulletin requested 
by the pupil was considered an indication of his level of interest 
in the content of the bulletin. The total possible requests a pupil 
could make ranged from none through six. The number and proportion 
of pupils in each grade that had total requests at each level and 
the number and percent making requests for each successive issue are 
shown in Tables a and b of Appendix F , Over all classes and 
grades, 36 percent of the pupils made a request for the second issue. 
Since each request was contingent upon having made a previous request 
(with the possible exception of one priming issue), the rate of 
attrition resulted in the number of requests for later issues being 
quite small. Consequently, for purposes of comparison, pupils were 
classified according to the following response categories: 

N-R : No request - pupils who made no request following receipt 

of the initial issue. 

Request - pupils who requested at least one issue; i.e. 
issue two. Within this general category, two alternate 
more specific categories were used, 

R~ NPO : Non-participation requests only - pupils who made 

requests only for issue two or issues two and 
three which did not require activity relevant to 
the bulletin content (i.e, problem solving 
attempts), 

R~P : Participation requests - pupils who requested one 

or more issues which required attempted problem 
solutions, i, e, one or more issues beyond issue 
three. 

Underlying this response classification was the assumption that pupils 
in the R-KPO category had, on the average, a somewhat stronger interest 
in the bulletin materials and in mathematics in general than pupils in 
the W-R category and that pupils in the R-P category had, on the 
average, stronger interests and preferences for the bulletin content and 
for mathematics and related activities in general than those in the 
other categories, A comparison to determine the instructional differences 
was carried out separately for each E program within each grade with 
pupils in the E and C classes being pooled within the respective in- 
structional categories for teachers following the same E program, To 
control for differences associated with pupil sex and/or mathematics 
proficiency, the comparisons betv/een E and C class pupils for each 
program were made within sex by proficiency level classifications. 

Comparisons were made to determine the differences between E and C 
class pupils with respect to the proportions in each of the three 
specific response categories (II-R, R-NPO, and R-P), Chi-square was used 
to test the reliability of category frequency differences. For some 
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comparisons, the frequencies in the separate R-NPO and R-P 
categories fell bolou the number necessary to inalve an appropriate 
Chi~square test. In such cases, the frequencies for these two 
categories vere combined and the comparisons (using either Chi-square 
or the Fisher exact probability test) considered only the K-R and 
R category differences. Results obtained from the latter compari- 
sons would require some qualification since this did not provide as 
fine nor quite the same qualitative differentiation with respect to 
interest manifestation as did the specific request categories. Where 
statistically significant differences (p < ,05) were obtained consider- 
ing all three request categories, procedures for partitioning 
outlined by Castellan ( 6) were used to determine whether the result 
was attibutable to differences in the R-NPO or the R-P categories, 

\7ith respect to mathematics proficiency, pupils were classified 
according to scores obtained on the raathematics section of Sequential 
Tests of Educational Progress, Level T\70, (STEP) which had been ad- 
ministered at the beginning of the school year, A two level classifi- 
cation was made relative to the median of the distribution of scores 
for males and females separately at each grade level. 

Results 



Ninth grade. Table h2 shows the frequency in each request category for 
the ninth grade experimental program comparisons for pupils classified 
by instructional treatment, sex and level of matheraatics proficiency. 

At this grade level only one of the comparisons for the three programs 
revealed a frequency difference that was reliable at the ,05 level, A 
greater proportion of higher proficiency girls in UICSM classes than 
in the conventional comparison cla,sses made requests for the activity 
bulletin, P’or this comparison it was necessary to combine both R-HPO 
and R-P categories because of the small frequencies, 

V/hen comparisons were made for each progratn with males and females 
combined, a reliable difference was obtained for higher proficiency 
pupils in the SMSG prograin comparison, A greater proportion of those 
in the conventional classes made requests than those in the Sl^SG classes. 
For this comparison, it was possible to partition the 2x3 contingency 
table to determine whether one or both request categories were contri- 
buting to the significant The difference was found to occur only 

for the R~RP0 category, x^ ~ 8.7, P < .005, indicating that for the 
SMSG prograra comparison a significantly smaller proportion of E class 
punils made non-participation-reouests than C class pupils. 

Tenth grade. Table 43 shows the request category frequencies for each 
of the tenth grade experimental program comparisons with pupils classi- 
fied by sex and proficiency level. With respect to the comparisons 
within sex by proficiency levels, the only reliable difference was that 
observed for the UICSM program for high ability boys, A significantly 
greater proportion of those in the UICSM program made requests for the 
bulletin than those in the conventional program taught by the same 
teacher. This result was obtained when R-P and R-IIPO categories 
\rere combined due to small frequencies in these categories. 




TABLE h2 

Number of E and C Class Pupils in Each Request Category 
for Ninth Grade Experimental Program Comparisons 



Higher Proficiency 



Request Category 


Ball State 
E C Total 


E 


UICSM 

C Total 


E 


SMSG 

C 


Total 


Males 


N-R 


7 


5 


12 


9 


6 


15 


12 


8 


20 




p/R-NPO 

^^R-P 


3 

2 


9 

3 


12 

5 


6 

6 


3 

5 


9 

11 


5 

6 


9 

7 


14 

13 






12 


17 


29 


21 


14 


35 


23 


24 


47 


Females 


N-R 


7 


8 


15 


6 


7 


13 

a 


26 


11 


37 




pfR-NPO 

^^R-P 


5 

5 


5 

1 


10 

6 






12{ ^3 - 


2 

9 


7 

4 


9 

13 






17 


14 


31 


17 


8 


25 


37 


22 


59 


Total 


N-R 


14 


13 


27 


15 


13 


28 


38 


19 


^^b 




j^{R-NP0 

‘R-P 


8 


14 


22 


14 


4 


18 


7 


16 


23 - 




7 


4 


11 


9 


5 


14 


15 


11 


26 






29 


31 


60 


38 


22 


60 


60 


46 


106 



Lower Proficiency 

Males N-R 11 

pfR-NPO 1 

^'r-p 0 


17 

7 

0 


28 

8 

0 


8 

2 

1 


9 

4 

0 


17 

6 

1 


21 

3 

3 


23 

12 

3 


44 

15 

6 






12 


24 


36 


11 




24 


27 


38 


65 


Females 


N-R 


11 


15 


26 


4 


6 


10 


19 


20 


39 




^/R-NPO 


4 


2 


6 


3 


6 


9 


6 


7 


13 




^'r-p 


3 


0 


3 


1 


3 


4 


5 


7 


12 






18 


17 


35 


8 


15 


23 


30 


34 


64 


Total 


N-R 


22 


32 


54 


12 


15 


27 


40 


43 


83 




,,rR-NP0 


5 


9 


14 


5 


10 


15 


9 


19 


28 




^{r-p 


3 


0 


3 


2 


3 


5 


8 


10 


18 






30 


41 


71 


19 


28 


47 


52 


72 


129 



a 

E-C difference for NR vs. R, p = .02 by Fisher exact probability test. 
^E-C difference for NR vs. R-NPO, “ 8.7, p < .02. 
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TABLE h3 

Number of E and C Class Pupils in Each Rcquesi: Category 
for Tenth Grade Experimental Program Comparisons 

Higher Proficiency 

Request Category ■ Ball State UICSM SMSG 







E 


C 


Total 


E 


C 


Total 


E 


C 


Total 


Males 


N-R 


21 


22 


43 


0 


5 


5 


67 


69 


136 




R-NPO 

iR-P 


8 

6 


3 

2 


11 

8 




^2 


iM® « 


19 

15 


24 

25 


43 

40 






35 


27 


62 


8 


11 


19 


101 


118 


219 


Females 


N-R 


31 


23 


54 


1 


1 


2 


53 


50 


103 




R-NPO 

^‘r-p 


8 


1 


9 


2 


4 


6 


19 


11 


30 




3 


4 


7 


2 


2 


4 


23 


21 


44 






42 


28 


70 


5 


7 


12 


95 


82 


177 


Total 


N-R 


52 . 


45 


97 


1 


6 


7 


120 


119 


239 




„;R-NP0 


16 


4 


20 


6 


8 


14 


38 


35 


73 




ICi _ _ 

iR-P 


9 


6 


15 


6 


4 


10 


38 


46 


84 






77 


55 


132 


13 


18 


31 


196 


200 


396 



Lower Proficiency 

Males N-R 

R-NPO 

^iR-P 


18 

4 

2 


15 

4 

5 


33 

8 

7 


/ 

8 

8 

4 


13 

8 

1 


21 

16 

5 


65 

15 

19 


99 

19 

13 


164 

34 

32 






24 


24 


48 


20 


22 


42 


■ 99 


131 


230 


Females 


N-R 


20 


23 


43 


2 


5 


7 


55 


65 


120 




pf R-NPO 


3 


2 


5 


4 


2 


6 


20 


19 


39 




^^R-P 


1 


0 


1 


4 


1 


5 


8 


7 


15 






24 


25 


49 


10 


8 


18 


83 


91 


174 


Total 


N-R 


38 


38 


76 


10 


18 


b 


120 


164 


284 




R-NPO 


7 


6 


13 


12 


10 


22 - 


35 


38 


73 




^^R-P 


3 


5 


8 


8 ■ 


2 


10 


27 


20 


47 






48 


49 


97 


30 


30 


60 


182 


222 


404 



^E~C difference for NR vs. R, p = .01 by Fisher exact probability test. 
^E~C difference for R-P vs. NR -I- R-NPO, ~ 6,1, p < . 



05 



V/hen the experimental program comparisons were made combining 
responses for boys and girls within ability levels, a significant 
difference was also observed for the lower proficiency pupils in 
the UICSM comparison. When' comparisons were made for each of the 
specific request categories, a reliably greater proportion of all 
lower proficiency pupils in the UICSi*I classes made participation 
requests than did their conventional class counterparts, = 6.1, 

p < . 05 . 

Eleventh grade , Request category frequencies for pupils grouped by 
sex and ability levels in each of the eleventh grade experimental 
program comparison conditions are shown in Table hh , Chi-square 
tests for each of the E - C comparisons indicate that none of the 
differences for either of the experimental programs were reliable 
at the ,05 probability level or less, 

c. Summary and Discussion 

For two of the three programs for which reliable differences were 
observed (UICSM - 9'th grade, higher proficiency girls; UICSM - 10th 
grade, higher proficiency boys and all lovrer proficiency pupils) the 
differences were in favor of the pupils in the respective experimental 
programs, i,e, the greater proportion of pupils making requests were 
in the E classes rather than the C classes. For one of these compari- 
sons, UICSM - 10th grade, lower proficiency pupils, the differences 
occurred only in the R - P category, the category assumed to be in- 
dicative of greater interest, there being no difference in proportions 
in the R-NPO category. For the other two comparisons, UICSM - p'th 
grade, higher proficiency girls and UICSM - 10th grade, higher 
proficiency boys, the differences were obtained only when proportions 
for both request categories were combined - the small frequencies 
precluding any more exact determination of the nature of the request 
differences. 

The remaining instructional difference, SMSG 9'th grade, higher pro- 
ficiency pupils, favored the conventional program in that there was 
a smaller proportion of experimental program pupils that made requests. 
However, this difference was observed only for the R-HPO category, 
there being no difference in the proportion cf pupils that made parti- 
cipant requests. 

In connection with these differences it should be recognized that 
among the number of separate instructional condition comparisons 
carried out in this study, a certain proportion were likely to reach 
the level of statistical significance on the basis of chance factors 
alone. 

One factor that might have precluded detecting more extensive differences 
was the request procedure itself. The procedure did not require an un- 
equivocal reaction at any given point in time. Consequently, it is 
possible that a variety of interest irrelevant factors such as pupils' 
misplacing the initial request form or forgetting about the bulletin 
altogether could have occurred over time. These incidental events may 
have precluded, in some instances, an indication of even a moderate 
level of interest that possibly existed for some pupils. This means 
in effect that the "no request" category probably cannot be considered 
a very reliable indicator of low or negative interest at least not to 
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TABLE 

Number of E and C Class Pupils in Each Request Category 
for Eleventh Grade Experimental Program Comparisons 



Higher Ability 



Request 


Category 


Ball State 
E C Total 


E 


SMSG 

C Total 


Males 


N-R 


53 


58 


111 


33 


59 


92 




^tR-NPO 


21 


14 


35 


12 


18 


30 




^tR-P 


19 


14 


33 


12 


9 


21 






93 


86 


179 


57 


86 


143 


Females 


N-R 


37 


31 


68 


24 


40 


64 




^jR-NPO 


13 


6 


19 


8 


9 


17 




^IR-P 


12 


12 


24 


9 ■ 


12 


21 






62 


49 


111 


41 


61 


102 


Total 


N-R 


90 


89 


179 


57 


99 


156 




„fR-NPO 


34 


20 


54 


20 


27 


47 




^iR-P 


31 


26 


57 


21 


21 


42 


Lower Ability 


155 


135 


290 


98 


147 


245 



Males 


N-R 


56 


68 


124 


41 


47 


88 




^fR-NPO 


13 


24 


37 


10 


18 


28 






8 


8 


16 


5 


4 


9 






77 


100 


177 


56 


69 


125 



Females 


N-R 


30 


40 


70 


20 


32 


52 




„rR-NP0 


11 


8 


19 


7 


10 


17 




^^R-P 


1 


7 


8 


3 


4 


7 






42 


55 


97 


30 


46 


76 


Total 


N-R 


86 


108 


194 


61 


79 


140 




„fR-NP0 


24 


32 


56 


17 


28 


45 




^iR-P 


9 


15 


24 


8 


8 


16 






119 


155 


274 


86 


115 


201 



90 




the same extent that the requests indicate some level of positive 
interest, A related limitation is that the bulletin request pro- 
cedure provided only for the manifestation of several decrees of 
positive interest but did provide for any differential indication 
of negative interest, i,e, it did not distinguish among pupils 
having anything from neutral to strongly negative attitudes toward 
mathematics. Both of these limitations reflect the fact that the 
request procedure established a fairly high response threshold 
which tended to detect only those vrith rela.tively stronger o-vert 
response tendencies in addition to a certain degree of positive 
interest and consequently, to group together (in the "no request" 
category ) pupils with interests ranging from moderately positive to 
strongly negative. In brief, it did not provide a sensitive 
differentiation over the entire continuum of interest that might 
have existed, and also probably reflected an overt activity 
characteristic in addition to the interest factor. 

In general then, the experimental mathematics programs did not, 
with the possible exception of the UICSM program, exhibit any con- 
sistent differential effects relative to conventional programs on 
pupil interest in mathematics as indicated by the overt participation 
index of interest used in this study. The limited occurrence of 
differential effects may have been due in part to the limited sensi- 
tivity of this index of interest. For the UICSM program there is 
some evidence suggesting that it may have contributed to a greater 
amount of pupil interest in mathematics than the conventional programs 
taught by the same teachers. 

Mathematics Student Journal 



A separate indication of the participant pupils’ inclination toward 
engaging in activities involving mathematics was obtained by providing 
the opportunity for pupils to subscribe, at a reduced rate, to a 
mathematics journal published for high school pupils. 

Method 

The following procedures vers carried out for both classes of a sub- 
sample of participant teachers - two using the Ball State, three the 
UICSM and four the SM3G experimental programs in their E classes,^® 

Approximately two months prior to the end of the school semester, 
several extra copies of recent issues of The Mathematics Student 
Journal^ ^ were sent to each teacher in the sample with a request to 



20 

This sample was separate from that included in the mathematics 
activity bulletin study, 

^ ^Published four times a year by the national Council of Teachers 
of Mathematics. 




circulate the issues among the pupils in their tv;o participa.ting 
classes. Teachers were told the reason for this vas to familiarize 
pupils with the content and nature of the journal since there was 
a possibility that pupils might have the opportunity at some subse- 
Q[uent time to subscribe to the Journal, 



Subsequent.ly, within the ciuestionnaire administered during the last 
three or four weeks of the semester to all ninth grade classes par- 
ticipating in the. project during the 196^4-65 school year, a subscrip- 
tion form was included for the classes in this sample. The subscrip- 
i^^^cated thao the Mathematics Student Journal cou.ld be 
obtained for only $ ,30 for the year and if the pu])il wanted to sub- 
scribe he was to check "yes" and put his name and home address in the 
spaces provided. It vras also indicated that the money would be 
collected at some later date. 



The regular individual subscription rate was actual 3 .y $ ,50 per year, 
however, there was no intention nor any attempt made to collect the * 
subscription price. This contingency was indicated only to dis- 
courage a positive response from pupils who wore not really interested 
in the content but might like to receive a free magazine. All those 
who indicated a desire to subscribe received all four issues published 
during the next year, 

b. Results 

Comparisons were made considering the pupils* initial (entering) level 
of proficiency in mathematics, as obtained from the mathematics section 
of the STLP, and the pupils* sex. The proficiency levels were deter- 
mined by the median of the distribution of test scores for males and 
females separately. 

Table sho^^s the frequency of request for subscriptions to the 

for E and C class pupils in each E program 
compovi ison condition for each pupil sex and proficiency category, 

E — C comparisons within and across the latter categories were made 
using either Chi-square or the Fisher exact probability test. Any 
differences occurring with a tv?o-tail probability less than ,10 are 
indicated in the table in terms of the results of the statistical test. 
It can be seen that only in the UICSM comparison, for lower nroficiency 
boys and all boys combined, were there any reliable subscription re- 
quest frequency differences between E and C class pupils. For this 
comparison, a higher proportion of the boys in classes instructed with 
the conventional program than those instructed with the UICSM program 
made subscription requests. This was true for boys at both levels of 
proficiency although the difference was greater among those having less 
proficiency in mathematics. 

It might be noted that almost one-fourth [ 2 k percent) of all pupils in 
these classes having the opportunity to do so requested a subscription 
to the mathematics journal. Over all classes, a slightly higher pro- 
portion of boys (28 percent) than girls (20 percent) gave a positive 
response. For the boys the proportion of requests were about the same 
for both levels of proficiency while for the girls the proportion of 
requests were greater among those having a higher level of proficiency 
(23 percent) than those having lower proficiency (16 percent). 
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^ JPj- scAS si.on 

In this study, the only differential instructional prograsn effect 
was observed for the UICSM program comparison, Boj'-s instructed 
with the UICSM program shovrecl a lower frequency of response indica- 
ting less frequent intci-cst in obtaining a student mathematics 
journa.l than pupiJ.s instructed by the same teachers vrith a conven- 
tional prograin. On the basis of this index of interest in mathe- 
matics, it would appear that the UICSM program did not contribute 
to as high an interest in mathematics as the conventional, program. 



B, 



1 , 



Rea^rship of Library Materials in Mathemati cs 



One of the ways a pupil could satisfy an interest in mathematics 
would be through reading materials that were concerned with or in- 
volved the application of mathematics. This requires that such 
matei ials are reasonably available to pupils, that they are written 
at an appropriate level of comprehension, and that pupils are aware 
of their availability. Pupil readership of library books dealing 
with mathematics as an oxtracurricular activity was used therefore 
as one behavioral index of interest in mathematics for the purnose 
of making comparisons between alternate prograuis of instruction. 



It was determined at the outset that in the past few years quite a 
number of books concerned with mathematics had been written at the 
level for and with a potential appeal to secondary level pupils. 

It was also aetermined, however, that only a small proportion of 
school libraries had more than a scattering of the recent books or 
had even a modest collection of any books in this area from which a 
pupil could choose, Co.nsequently, to establish the minimal condi- 
tions necessary to obtain some indication of pupil readership in 
mathematics, additional library materials were provided for a number 
of schools having ninth grade mathematics classes participating in 
the project, Readersh.ip of library books on mathematics was then 
observed under conditions which ensured both availability and the 
pupils awareness thereof but which were otherwise quite typical. 

Method 



sample in schools receiving additional materials con- 
sisted of eleven pairs of ninth grade algebra, classes participating 
in the project which had not been included in the activity bulletin 
nor the journal subscription studies, Each pair was in a different 
school and was taught by the sa^ne teacher, one class with an E program 
the other with the conventional program. Relevant data was also * 

gathered from other participating classes in schools which did not re- 
ceive any additional materials. The number of pairs of classes in 
each E program condition are shown in Table , 



I 



22 

The selection consisted of a random assignraent of available class 
pairs within each E program condition to each of these separate studies. 
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TABLE lt6 

Humber of Pairs of E and C Classes in Each E Program Condition 
in Schools Receiving and Hot Receiving Supplementary Mathematics 





Materials 




E 


Receiving 


Hot Receivi 


Program 


Materials 


Materials 


Ball State 


h 


7 


UICSM 


3 


6 


SMSG 


k 


11 



Procedure « The administrators and librarians in the selected schools 
were contacted to secure their cooperation with respect to the pro- 
cedural requirements necessary for the study that are outlined below. 

The libraries in these schools were surveyed concerning their holdings 
with respect to mathematics books and were then supplied with a 
sufficient number and variety of additional books on mathematics to 
ensure the availability of a moderately extensive and varied collec- 
tion. In each library sufficient books \-rere provided so that there 
was at least hO- 50 books available representing approximately 30-ii0 
different titles. 

When the books were received by the school, the librarians were re- 
quested; 

(1) to display all books (new and old) together in a 
prominent place with the display labeled appropriately, 

(2) to allow the books to circulate following the library rules 
for circulation of all other books, 

(3) to make sure all new books had withdrawal cards requiring 
the name and grade of the pupil withdrawing the book, 

(h) to return to the project director at the end of the year 
the withdravml cards for all books in the display. 

Also upon receipt of the books by the school, the participating teacher 
was provided with a standard statement to be read to the pupils in 
each of the two classes which; 

(1) announced the availability of the books in the library, 

(2) indicated they had been provided through a special project 
(the nature and purpose of which was not indicated), and 

(3) provided a general characterization of the type of books 
available and the rules governing their circulation. 

Teachers wore informed as to the general objectives of this study, i.e, 
determination of the nature of pupil interest, but not the comparative 
aspect. They were requested neither to encourage nor assign the 
reading of these materials. 




Information concerning pupil readership vas obtained 
from two sources; (a) from the ncynes on the vithdravral cards for 
each book that had been returned at the end of the year from each 
library and (b) from a set of questions inquiring about mathematics 
book readership included in a questionnaire administered at the end 
of the year to all pupils in both the library reading and all other 
participating classes. 

The library cards proved to be a very limited source of information 
concerning readership of the library materials at least in contrast 
to the information provided by the questionnaire. For the books in 
each school, the median number of pupil names per class shovn on the 
withdrawal cards was one. Consequently information from the with- 
drawal cards was not used in the study as an indication of readership 
for purposes of comparison. 

The most pertinent items in the readership questionnaire (see 
Appendix G ) were those which asked whether the pupil had done any 
reading in mathematics other than his textbook and requested an indi- 
cation of the title or content of each book and whether the book(s) 
had been read completely or only in part. It was also asked whether 
they had ever sought books on mathematics in the library. 

Because the readership items were included in the questionnaires 
administered to classes in schools not receiving supplementary library 
materials as well as in those that did, it was also possible to make 
comparisons to determine readership differences that would be observed 
for alternate instructional programs under more typical library condi- 
tions . 

One factor that precluded making observations over a more extended 
period of time as originally planned was some delay in obtaining the 
desired books. The materials were not available in the various school 
libraries until the last three or four months of the school year. 
Although this factor could not contribute to any differential effect 
betvreen the E and C programs being compared since there was an E and 
C class in each school, the generality of the observations for pupils 
in general might be somewhat limited by this condition. On the other 
hand, with respect to E — C comparison, it would be expected that any 
differential effects of the programs would be more likely to occur 
near the end of the period of instruction. Consequently, the 
availability of the books and attention being directed to this fact 
neerer the end of the period of instruction probably contributed to 
obtaining a more sensitive indication of any differential effects re- 
sulting from the instructional programs. 



^^It was not clear why the withdrawal cards failed to reflect the 
actual amount of reading that was done unless the reading reported 
in the questionnaire was done mainly in the library precluding the 
necessity of withdrawing the book. 




The comparisons were made considering pupil sex and initial ability 
level as well as the instructional program, V/ith respect to pro- 
ficiency level, pupils vere classified relative to the median of the 
scores obtained on the mathematics proficiency test administered at 
the beginning of the year, Medians were deteri-nined separately for 
each sex, including all pupils in the sample, 

2, Results 



Table shows for the classes in schools receiving supplementary 
library books the number of pupils in each instructional treatment 
(E - C) condition for each E program comparison who reported reading 
at least part of one book dealing w ith mathematics in addition to 
their class texts. Chi-square or the Fisher exact probability test vms 
used to determine the statistical reliability of the instructional 
program differences within the sex by ability level categories with the 
results of these tests being shown in Table 1^3 ♦ 

In all participant classes in schools receiving supplementary materials, 
l6 percent of all pupils indicated they had read some parts of an 
additional book concerned with mathematics. 

For this set of classes, only for the SMSG program comparison was 
there an E - C difference which was reliable with a probability of ,10 
or lower, A higher proportion of lower proficiency boys instructed 
with the SMSG program reported reading additional mathematics materials 
than similar boys in the comparison conventional classes. 

The extracurricular reading reported by E and C class pupils in schools 
not receiving supplementary materials is shown in Table ^8 , Overall, 

1^1 percent of these pupils reported reading part of at least one addi- 
tional mathematics book. Comparisons between the E and C class pupils 
in this set of classes indicated that only for the girls in the UICSM 
program comparison were there any reliable readership differences. 

Girls instructed with the UICSM program more frequently reported addi- 
tional reading than those in the comparison conventional classes. 

Since the overall readership frequency for pupils in schools receiving 
and those in schools not receiving supplementary reading materials was 
very similar (l6 and lU percent, respectively) a more sensitive assess- 
ment of E - C differences was obtained by combining both sets of classes 
within each E program comparison condition. Table ^9 shows the E - C 
readership differences when all participant classes are considered. 

Only for girls in the UICSM program comparison condition was there a 
reliable difference in the frequency reporting additional reading in 
mathematics, A greater proportion of higher proficiency girls instructed 
with the UICSM program reported additional reading than girls of similar 
proficiency instructed with the conventional program, IJo reliable 
readership differences were indicated for boys instructed with the UICSM 
program nor for pupils in either of the other E program comparison con- 
ditions. 




/ 



TABLE Uy 

Frequency With VJhich E and C Class Pupils Indicated They 
Had Fead at Least Part of One Additional Book on 
Mathematics in Schools Receiving Supplementary Materials 



Proficiency 






Male 


Level 


Response 


L. 


C Total 


Ball State 












Read 


3 


6 


9 


Low 


Not Read 


8 


18 


26 




Total 


11 


2h 


35 




Read 


8 


8 


l6 


High 


Not Read 


20 


20 


ho 




Total 


28 


28 


56 



UICSM 





Read 


2 


2 


, h 


Low 


Not Read 


h 


18 


22 




Total 


6 20 


26 





Read 


6 


5 


11 


High 


Not Read 


12 


11 


23 




Total 


18 


16 


3h 



SMSG 





Read 


6 


1 


7 


Low 


Not Read 


12 


31 


h3 




Total 


18 


32 


50 



p<.02 





Read 


10 


5 


15 


High 


Not Read 


22 


13 


35 




Total 


32 


18 


50 





Female 


Male + 


Female 




_ C. . _ 


Total 




C Total 


3 


2 


5 


6 


8 


Ih 


16 


18 


3^ 


2h 


36 


So 


19 


20 


39 


30 


hh 


Ih 


5 


2 


7 


13 


10 


23 


27 


17 




hi 


37 


Qh 


32 


19 


51 


6o 


^7 


107 



1 

10 


0 

26 


1 

36 


3 

lU 


2 


5 

58 


11 


26 


37 


17 


hS 


63 


3 


0 


3 


9 


5 


Ih 


19 


12 


31 


31 


27 


58 


22 


12 


3h 


4o 


32 


72 



1 


2 


3 


7 


3 


10 


27 


32 


59 


59 


63 


102 


28 


3h 


62 


46 


66 


112 


3 


0 


3 


13 


5 


18 


23 


26 


h9 


45 


39 


84 


26 


26 


52 


58 


44 


102 




106 




TABLE 1}8 



Frequency VJith Which F. and C Class Pupils Indicated They 
Had Read At Least Part of On:f Additional Book on 
Mathematics in 'ichools Kot Receiving Bupplcm.entary Materials 






_ . Male Female Male + Female 

Proficiency 



^ Level 


Response 


E 


C 


Total 


E , 


. C 


Totals 


E C 


Total 


Ball State 


Read 


2 


T 


9 


5 


3 


8 


7 


10 


17 


Low 


Hot Read 


30 


hi 


71 


42 


36 


78 


72 


77 


i49 




Total 


32 


U8 


80 


47 


39 


86 


79 


87 


166 




Read 


6 


k 


10 


3 


0 


3 


9 


4 


13 


High 


Not Read 


2k 


ho 


64 


39 


29 


68 


63 


69 


132 




Total 


30 


kk 


T4 


42 


29 


71 


72 


75 


i45 



UICSM 





Read 


3 


7 


10 


2 


1 


3 


5 


8 


13 


L0Xi7 


Not Read 


39 


33 


72 


29 


43 


72 


68 


76 


144 




Total 


42 


40 


82 


31 


44 


75 


73 


84 


157 





Read 


10 


8 


18 


6 


0 


6 


l6 


8 


24 


High 


Not Read 


38 


24 


62 


33 


26 


59 


71 


50 


121 




Total 


48 


32 


80 


39 


26 


VO 


87 


58 


145 



.05<P<.10 



SMSG 





Read 


8 


13 


21 


7 


12 


19 


15 


25 


40 


Low 


Not Read 


68 


84 


152 


92 


78 


170 


l6o 


162 


322 




Total 


76 


97 


173 


99 


90 


189 


175 


187 


362 





Read 


15 


25 


40 


17 


12 


29 


32 


37 


69 


High 


Not Read 


52 


46 


98 


70 


46 


116 


122 


92 


214 




Total 


67 


71 


138 


87 


58 


145 


154 


129 


283 




lOT 





••• 








TABLE 49 














i. 

\ 


J. 


Frequency With VJhich E and C Class Pupils In All Participating 
Classes Indicated They Had Read at Leant Part of One 
Additional Book on Mathematics 




1 




i 

Im 


Proficiency 

Level 


I^sp^nse 


K 


Male 

C Total 


E 


Female 
C Total 


Male Female 
E C Total 


i 

** 

< 

; 

J 




Ball State 














lOf.cyjfcWS >iw ^11 wi * 


i 

\ 

5 

•1 






Read 


5 


13 


18 


8 


5 


13 


13 


18 


31 






Low 


Not Read 


2 i 


59 


97 




54 


112 


El 


113 


209 








Total 


43 


72 


115 


66 


59 


125 


109 


131 


— 

240 


* 


1 




Read 


l4 


12 


26 


8 


2 


10 


22 


14 


36 


> 

J 


1 


High 


Not Read 


44 


6o 


104 


66 


46 


112 


110 


106 


216 








Total 


58 


72 


130 


74 


48 


122 


132 


120 


252 


> 

1 

1 


? 


UICSM 












• 












r- 




Read 


5 


9 


14 


3 


X 


4 


8 


10 i 


18 




i 

u 


Low 


Not Read 


43 


51 


94 


39 


69 


108 


82 


120 


202 








Total 


48 


6o 


108 


42 


70 


112 


9^ 


130 


220 




p 

t 

u 


High 


Read 

Not Read 


l6 

50 


13 

35 


29 

85 


9 

52 


0 

38 


9 

90 


25 

102 


13 

77 


38 j 

179 j 




r- 

f 




Total 


66 


48 


ll4 


6l 


38 

i><.03 


99 

► 


127 


90 


217 1 

] 

I 






SMSG 


■ 










• 








1 

5 




1 

t 




Read 


l4 


l4 


28 


8 


l4 


22 


22 


28 


■4 

50 j 




c 


LoV7 


Not Read 


80 


115 


195 


119 


110 


229 


219 


225 


444 1 




c 

1 




Total 


94 


129 


223 


127 


124 


251 


241 


253 


494 i 

i 








Read 


25 


30 


55 _ 


20 


12 


32 


45 


42 


87 1 


1 




High 


Not Read 


T4 


59 


133 


93 


72 


165 


167 


131 


298 1 




¥ 

r 

1 ^ 

J 

'• 

: -■ 
t 

1 

i 

1 




Total 


99 


89 1 


188 


113 


84 


197 


212 


173 


385 1 

! 

M 

i 

A 

1 

't 

\ 

\ 




1 










108 












\ 

\ 

\ 




ll ^ 

1 ERIC 






















i 

i 






To dotoriTiins the validity of the pupils* response to the direct 
inquiry concerning additional reading in mathematics, they were 
also asked to give the title or a description of each of the hooks 
they had read completely or in part. Considering pupils in all 
classes completing the questionnaire, 95 percent of those who in- 
dicated that they had read some additional material were able to 
provide one or more titles or descriptions of the book or books 
they read. There were no differences in this respect between E or 
C class pupils, nor between those in schools which had and had not 
received supplementary materials. The accuracy of the titles and 
descriptions given in addition to their frequency indicated quite 
clearly that pupils who stated tha.t they had done some additional 
reading in mathematics did in fact do so. In fact, considering 
the possibility of pupils forgetting titles, etc., of what they 
may have read over a period of time, this figure suggests that the 
more general statement of readership may have underestimated the 
actual number of pupils who had in fact done some reading. 

To determine whether the program of instruction in mathematics may 
have affected the amoun t of additional reading in mathematics (i.e. 
number of books re'adf^mong pupils who reported having done some 
reading, E - C comparisons were made with respect to the number of 
books individual pupil’s reported reading. These comparisons were 
made in terms of the number of pupils’ giving titles or descriptions 
of tvro or more books and those giving less than two. (The small 
proportion giving no titles were included in the latter category.) 
Since the results of these comparisons within each E program condi- 
tion were essentially the same for pupils in schools receiving and 
not receiving supplementary materials, the results of this compari- 
son are shown with both sets of classes combined in Table 50 ‘ 

Overall, somewhat more than half (5^+ percent) of the pupils who re- 
ported doing some additional reading were able to list two or more 
titles or descriptions. However, there were no significant differ- 
ences in this respect between S and C class pupils within or across 
any of the sex by proficiency level categories for any of the E 
program comparison conditions. One limitation of this index was the 
small frequencies for some of the comparisons which made it difficult 
to detect smaller differences. 

Although readership of books about mathematics is usually preceded 
by looking in the library for such materials, the latter does not 
necessarily lead to the former. The alternate programs of instruc- 
tion may have had differential effects on pupils’ inclinations to 
seek reading materials in mathematics which may not have been reflected 
in actual rea.dership due to a number of factors. One such factor may 
have been the unavailability of materials that seemed reasonably 
appropriate or of sufficient interest from the pupil’s point of view 
to engage further in the activity. To determine therefore, whether 
a v^eaker manifestation of interest in reading in the mathematics area 
may have occr.rred differentially between the alternate instructional 
programs, especially for pupils in schools not receiving supplementary 
materials, pupils were asked whether they ever had looked for books 
about mathematics in their library. 
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TABLE 50 

Number of Titles or Descriptions Given by "Pupils in All Classes 
Who Reported Reading Materials in Mathematics 



Proficiency Number Male Female Male + Female 



Level 


of Titles 


E 


C 


Total 


E 


C 


Total 


E 


C 


Total 


Ball State 
























1 


3 


9 


12 


4 


3 


7 


7 


12 


19 


Low 


2+ 


2 


4 


6 


4 


2 


6 


6 


6 


12 




Total 


5 


13 


18 


8 


5 


13 


13 


18 


31 





1 


7 


3 


10 


4 


1 


5 


11 


4 


15 


High 


2+ 


7 


9 


16 


4 


1 


5 


11 


10 


21 


Total 


14 


12 


26 


8 


2 


10 


22 


14 


36 



UICSM 





1 


2 


2 


4 


0 


1 


1 


:2 


3 


5 


Low 


2+ 


3 


7 


10. 


3 


0 


3 


6 


7 


13 




Total 


5 


9 


14 


3 


1 


4 


8 


10 


18 




1 


7 


4 


11 


4 


0 


4 


11 


4 


15 


High 


2+ 


9 


9 


18 


5 


0 


5 


14 


9 


23 


Total 


16 


13 


29 


9 


0 


9 


25 


13 


38 




1 


7 


4 


11 


4 


7 


11 


11 


11 


22 


Low 


2+ 


7 


10 


17 


4 


7 


11 


11 


17 


28 




Total 


14 


14 


28 


8 


14 


22 


22 


28 


50 




1 


11 


15 


26 


10 


7 


17 


21 


22 


43 


High 


2+ 


14 


15 


29 


10 


5 


15 


24 


20 


44 


Total 


25 


30 


55 


20 


12 


32 


45 


42 


87 






For the set of classes in schools not receiving supplementary 
materials, 22 percent of all of the pupils indicated that sometime 
during the year they had looked for books about mathematics in the 
library. Comparisons v;ithin and across sex by proficiency level 
categories revealed no reliable (p < ,10) differences in this re~ 
gard between E and C class pupils in any of the E program compari- 
son conditions. 

For the set of classes in schools receiving supplementary materials 
(with a special display and an announcement emphasizing the display 
and the availability of books), 38 percent of the pupils reported 
looking for materials. For this set of classes, no reliable differ- 
ences were observed within or across the sex by proficiency level 
categories for any of the E program comparisons. It did not appear 
then that the programs elicited any differential tendency to examine 
the reading materials available in the area of mathematics, 

3 • Summar.y and Discussion 

The results indicated that a somewhat greater proportion of lower 
proficiency boys instructed with SMSG materials and higher profi- 
ciency girls instructed with UICSM materials engaged in extra- 
■ curricular reading in mathematics than similar pupils instructed with 
conventional materials. In the former case, the difference occurred 
only for classes for whom supplementary materials were available. 

The UICSM difference appeared to be independent of the availability of 
materials and consequently would appear to represent a more general 
effect. On the other hand, for none of the programs did the differ- 
ences occur across both sexes or levels of initial proficiency indica- 
ting that the specific program effects were not too pervasive. 

Although providing the library materials and making pupils aware of 
their availability increased the frequency with which pupils looked 
for and examined books in this area, it appears that only a relatively 
small proportion of pupils went much further than this and engaged in 
any amount of actual reading. Consequently in each case where a 
difference was observed in this regard, the difference only involved 
a small number of pupils. 

Among those who did report doing some reading, no additional differ- 
ences associated with the programs were found with respect to the 
amount of individual reading reported in teimis of the number of books 
read per individual pupil. 

One point that is of interest to note is that a much larger proportion 
of boys in all programs reported reading in mathematics than girls and 
that this difference varied with the availability of the materials - 
boys taking more advantage of their availability. In this regard, the 
proportions of boys and girls who read at least part of one book in 
mathematics were, respectively 25 and 8 percent in classes receiving 
additional materials. 



c. 



Subsegupnt. Enrollment in Advar.ccd Mathem atic s and Science 



1. Study_I 



Tiie purpose of the study \;as to determine whether the experimental 
prograrfls had a differential effect o;: pupils’ enrollment decisions 
in subsequent years with respect to mathematics and related subjects. 

Among the overt behavioral indications that a pupil could exhibit 
in the school situation that would represent an interest in a given 
subject matter area would be to choose to enroll in courses involving 
that subject when a choice is permitted. This is especial3.y poss5.ble 
for mathematics since there is in most schools an advanced mathe- 
matics course at each grade level in high school in which the pupil 
can choose to enroll or not as he desires. One indication therefore, 
of the effects of alternate instructional programs on pupil attitudes 
toward mathematics in the ninth grade would be obtained from the en- 
rollment in mathematics subjects during the subsequent years in high 
school on the part of pupils instructed with the different programs. 
Other things being equal, pupils instructed with prograras contributing 
to a more positive attitude toward mathematics would be more likely 
to enroll in mathematics subjects during the next and possibly the 
following years. 

There are, of course, a number of factors of an extrinsic nature other 
than intrinsic interest per se that influence or determine the 
subject choices pupils m.ake in high school. Future educational plans 
and related requirements are no doubt predominant in such decisions 
with parents and teachers playing an influential role therein, usually 
encourageing enrollment. Nonetheless, there is no doubt a certain 
nimiber of instances in v;hich the extrinsic factors in both directions 
are about equally balanced for a pupil and his own attitudes and 
interests operate to determine the choice or resolve the decision. 
Because, for higher ability pupils the extrinsic factors would tend to 
be more heavily weighted tovrard enrollment, these instances would seem 
more likely to occur for pupils having somewhat lower mathematics pro- 
ficiency or general academic ability. Presuming therefore, a reasonably 
equal or random distribution of pupils with respect to other influencing 
factors among alternate instructional programs, differences between them 
in proportion of pupils enrolling in subsequent mathematics subjects 
could be attributed to the effects of the program on the pupils’ interest 
in mathematics. 

Following the same reasoning, the level of a pupil’s interest in mathe- 
matics might also influence his attitudes tovrard and enrollment deci- 
sions concerning other subjects in which mathematics is applied or which 
are concerned with quantitative concepts and relationships. Science 
subjects for the most part would seem to be in this category. 

The main question for this study concerned the differences in enroll- 
ment in tenth and eleventh grade advanced mathematics and science 
courses betv;een pupils previously instructed with one of the three ex- 
perimental programs and those instructed, respectively, with the con- 
ventional program being used by the same teachers. 



I 

Two other factors relevant to enrollment in advanced mathematics 
vere considered in the analysis, the grades the pupil earned in 
ninth glade mathematics and the pupil *s sex* Prohahly the factor 
that most determines future enrollment in mathematics is the 
P^Pil ® level of achie veiuent as represented hy the grades received 
in his last mathematics class. Also, as indicated above, an enroll- 
ment diffeience is more likely to be observed among lower than 
higher achieving pupils* In addition to individual differences in 
achievement, sex differences are also likely to occur with resnect 
to enrollment in more advanced mathematics classes* Previous 
studies have observed sex differences with respect to the nature of 
educational goals, objectives, and aspirations of pupils as well as 
in attitudes tovrard mathematics * Consec^uently both pupil sex and 
ninth grade mathematics performance (grades) were taken into account* 

a* Method 

During the 1962-63 school year, as part of the larger project assess- 
ing achievement differences for the several experimental secondary 
mathematics programs, pupils in a number of schools were enrolled in 
ninth ^rade algebra classes in which either one of the three experi- 
mental (E) or a conventional (c) program was being used in alternate 
classes taught by the same teacher. During the 1961i-65 school year, 
these schools were contacted with a request for grade and enrollment 
information for the pupils that had been instructed in the E and C 
classes two years previously. Information was requested concerning 
pupil enrollment and final subject grades during the ninth and tenth 
grades and for enrollment during the eleventh grade* (Pupils had 
not completed eleventh grade at the time the data was gathered)* En- 
rollment and grade information was obtained for each of the following 
subject matter areas: mathematics, language arts (English or literature), 
social studies and science. 

This information was requested from the schools for 32 pairs of classes - 

one experimental and one conventional class being in each school* The 

number of pairs of classes (and the number of teachers) in each of 

the experimental program conditions for which information was requested 

and the number for v;hich usable information was obtained for both 

classes is shovm in Table 51 *^^ ] 

i 

TABLE 51 I 

Number of Pairs of E and C Classes 
for VJhom Enrollment and Grade Data Was Requested \ 

and Included in the Analysis for Each E Program Comparison Condition ; 

5 

Included I 

7 1 

I 

5 * i 

9 



21 

I 

Some schools did not respond to the request, others were only able j 

to provide limited information concerning subsequent enrollment and grades* 



E Program 
Ball State 
UIC3M 
SMSG 

Total 



Requested 

9 

11 

12 

32 






During each of the two years following the ninth grade, a pupil 
could choose to enroll in none, one, or two additional mathe- 
matics subjects. Furthermore, among those enrolling in one addi- 
tional mathematics subject over the two years, it was possible 
to do so either in the tenth or^ eleventh grades. For purposes 
of this study the distinction^between enrollment in the tenth or 
the eleventh grade is of some relevance since in general, any 
differential effects of ninth grade instructional conditions on 
attitudes tov^ard mathematics would most likely be reflected in 
enrollment decisions made for the tenth grade rather than for 
higher grades. Enrolling in an additional mathematics subject 
at the next opportunity rather than doing so after a year’s delay 
would seem to be in itself one indication of a possible attitude 
difference developed during the imiaediately preceding year. 



Therefore, comparisons wath respect to enrollment in tenth grade 
mathematics subjects independent of the eleventh grade enrollment, 
appeared to provide the most sensitive and direct indication of 
pupil attitudes as manifested in enrollment decisions subsequent 
to the ninth grade and consequently, the comparison most 
relevant to this question. Separate comparisons considering eleventh 
grade enrollment were also mads however to determine the more general 
enrollment effects of the ninth grade instructional programs. 

With respect to enrollment in advanced mathematics in the tenth or 
eleventh grades, either geometry, advanced or higher algebra, 
trigonometry or solid geometry were considered as advanced mathe- 
matics subjects. Neither re-enrollment in elementary algebra (due 
to previous failure) nor general or commercial mathematics were 
considered advanced mathematics subjects. 



To take ninth grade performance into account, the overall distri- 
bution of grades for all pupils was determined. An A, B vs C, D 
division was el.03e3t to the median and served as the basis for 
classifying pupils with respect to level of performance for analysis 
purposes. Similarly, to control for and assess possible sex differ- 
ences, the comparisons were made separately for males and females 
within the alternate performance levels and instructional treatment 
(i.e. E or C) classifications. In the analysis pupils in the re- 
spective E and C classes for teachers following the same E program 
were combined to provide separate comparisons for each of the three 
experimental program conditions. 



With respect to science subjects, enrollment and grade comparisons 
were made only for the tenth grade. It was felt that it would be 
quite unlikely that ninth grade mathematics would have an effect on 
enrollment in eleventh grade science subjects because of the even 
larger number of intervening factors than would be the case for mathe- 
matics. The subjects treated as science subjects were general, 
physical or biological science, physics, biology and chemistry. 



Enrollment in tenth grade mathematics 



Table 52 shows the tenth grade mathematics enrollment frequencies 
for E and C class pupils in each E program comparison condition. 

The reliability of the E -• C enrollment differences (i.e, the 
probability that the differences were due to chance) within each 
performance level for the sexes separately and combined was deter- 
mine^ using or the Fisher exact probability test, 

Among pupils who had performed or achieved at a relatively higher 
level in the ninth grade (grades of 3 or better), a very large 
proportion continued to enroll in mathematics subjects in the tenth 
grade. This tendency appeared equally strong for pupils in E and C 
classes in each of the E program comparison conditions. Among 
pupils who had perfomned or achieved at a relatively lower level 
in the ninth grade (grades of C or D), a greater proportion of the 
E class boys in the Ball State and UlCS.'i programs and E class girls 
in the UICSM and SMSG programs tended to enroll in tenth grade mathe- 
matics than did their respective C class counterparts. For the Ball 
State and UICSM boys, the frequency differences were highly reliable 
while neither of the E program comparisons for the girls reached the 
,05 level of significance. Comparisons made with both sexes combined 
also showed that among lower performing pupils a significantly higher 
proportion of those in the E classes enrolled for both the Ball State 
and UICSM programs. It is evident, however, that the difference for 
the Ball State program is due only to the large difference in this 
regard for boys rather than girls while for the UICSM comparison 
both sexes contributed to the difference. It appears then that a 
greater proportion of boys instructed with the Ball State program 
and of both sexes instructed with the UICSM program enrolled in tenth 
grade mathematics subjects than did comparable pupils instructed with 
conventional programs. 

Independent of the pupils relative performance level, other factors 
possibly relevant to enrollment in tenth grade mathematics could have • 
differed between E and C class pupils and thereby contributed to the 
enrollment differences. It is possible that in the E classes there was 
a greater proportion of pupils having higher ability or proficiency in 
mathematics, higher general academic ability, and/or a more positive 
attitude toward mathematics or toward academic achievement generally, 

A difference in favor of the E classes with respect to any or all of 
these factors (which tend to be related) may have occurred either 
accidentally or even to some extent intentionally or systematically. 

The latter possibility seems quite likely because of the characteriza- 
tion of the experimental or ’’modern" programs as being primarily for 
"college-bound" pupils. For this as well as other reasons, there may 
have been a greater tendency to shunt "less promising" pupils (as in- 
ferred from previous mathematics class or general academic performance) 
into the conventional classes. These factors could operate independent 
of the performance measure (grades) if teachers were assigning grades 
within classes on a relative rather than a more absolute performance 
basis , 







Tf r. \^rii,vrjf , -Tp.yj;\^s ,' - -7.^' ? '. V^-i 






o' 


P 


















H 






CD 


*x) 


X 


tsi 


W H 


521 


w 


& 




to 


O 


P 


O 


p 


(0 


o 




c+ 




d* 


hi 


H 


& 


O 




o c 




O 


CD 


F 


Q 


W 




t*d 


H 


CO 


o' 


3 


P 


H P* 


P 


H 




H* 


W 


*i 


CD H 




CD 




H 


P 


O 


Pi CO 


o 


pi 





H* 

d* 

< 

P 

H 

d 

(D 

0) 

P 

O 

d- 

P- 

(D 

(D 

N 

P 

0 
d- 

o' 

H* 

H 

H* 

4 

P 

P 

M 

1 

O 

Pb 

H' 

H> 

CD 

(D 

P 

O 

(D 

P 

CO 

H 

P 

0^ 

(D 

O 

H 

P 

Oq 

(D 

d- 

P" 

P 

P 

O 

O' 

Cf 

P 

H* 

P 

CD 



CD 

pi 

P* 

d- 

P* 

Kj 

P 

rr 

CD 

U 

o 

o 

•-i 

o 

o 

cf 

H* 

O 

P 

p 



H 

H 

CD 

pi 



H 

H 

CD 

pi 









HJ M 




H-# 

< 


w 








P 


p 


P* 








S 


CD CO 




P 








P 


P d- 


»-i} 


d- 




Hr# 

*i«i 




H 


d" ^ 


O 


P' 


O 


o 


P 


CD 


^ p 


K 




0<) 


d- 




CO 


CD O 




Q 






O 




P d* 


P 




P 


M 


H 




cf P* 


P 


P 


P 


P 


H 




O 


O 


pi 






CD 




P 


CD 


CD 




O 


Pi 




P 








H 






H 


tr< 


S 




H 








CD 


P 




CD 








<i 


d- 




Pi 








CD 


P' 












H 







nj 



O 

H 



X 


On 


ro 






X 


to 


H 


H 


»d 


X 


to 




ro 


t=J 




to 


--J 


ro 


vn 


V 


ro 


H 


4 :r 


--J 


A 


ro. 


ov 


CD 


OD 






II 


o\ 


to 


ro 


• 


II 


ro 


H 


H 


• 


II 


Ia) 


fO 


H 




t-< 


0\ 


to 


<j\ 




VO 


• 




ro 


ro 


o 


H 


VO 


XT 


vn 


o 


Q 


• 






o 


o 








H 


o 












Oo 

• ■ 










H 










• 

to 












H 


H 




, 










ro 














fo 




to 


VI 


-•3 






vn 


ro 






w 










O 


CO 


ro 






vn 


cv 


VO 






vn 


ro 


to 







A 



VO 

o 






o 



VI 

o 



II 

H 

« 

vn 



^ X 



to 



\J\ 

\J\ 



»d 


X 


CO 


H 


CT\ 




X 


4^ 


I-* 


to 


*d to 


fO 


to 


w 






ro 


O 


4r- 


C\ 




ro 


CD 


ro 


ON 


fo 


o 




A 


II 








A 


II 








li 








w 


• 




—4 


H 


crs 


• 




to 




to 


• 4^ 




to 




CD 


• 




j-i 


ov 


vn 


• 




0\ 


H 


to O 


vn 


vn 


o 


H‘ 


o 


H 








o 


vn 








W . 








(?3 




H 










H 








O’ 








P>' 






H 


ro 


to 






CD 


H 


o\ 






CA 










vn 


vn 


ro 






vn 


CO 




ro 


--J 


VI 







’d 


X 


C\ 


H 


vn 




X 


to 




ro 


V 


X 


U) 




to 




ro 


CO 


to 


vn 




to 


O 


CA 


4:r- 




to 


CD 


•-3 


H 


A 


II 






A 


II 








A 


II 










• 




CA 


tJ 


tD 


• 




to 


H 


H 


• 




to 


H 


H 


o 


H 


4::" 


H 


to 




to 


o 




CA 


O 


ON 


4r- 


--J 




o 


H 








o 


• 








H 


• 








H 


• 










CA 

CO 










ON 

VO 










‘P' 


























•-5 


H 






















ro 








to 


4r- 


cx> 






CSV 


ro 


4r- 








4r- 






ro 


4r- 


OD 






o 


o 


O 






ro 


4^ 


Co 



0\ 


vn 


o 


->3 to 




4^ 


CO 


ON ro 


H 




O 


H VO 


CD 


to vn 



II 



ro 

VI 



o 


to ON 


CA 


05 CO 


H 




H 


vn ON 


H 


O H 


lo’ 


H 


H 


00 ro 


--3 


CX) VO 


H ■ 
to 




4T 


H to 


H 


H 


ro 


H H 


00 


VI to 


*f^ 


ro 


ON 


to OJ 


ro 


On ON 



A 



X 



ro 



ro 

o\ 



A 



X 



u> 


ro 


t; 


vn cx> 


ro 


ro 




to 4;- 


0\ 


VI 


o 


00 to 


vn 


r-j to 


o 


VO H 




ro ro 


VO 


--3 ro 


VO 


£r- vn 


\o 


ON to 


CO 


H 


j.«J 


H o 


o\ 


H vn 


4T' 


fO rv> 


H 


P* 




ro ro 


vn 


to ro 






4 r" 

O 



ro 



ro 



CX) 



K’) 



w 



VI 



ro 

VI 



H 

00 



U) 



w 



o 



§ 






o 



w 



U) 



II 



H 

H 

CO 



V) 

W 



• Cv 
H ^ 
C\ 



H 

—4 



ro 



o 



U) 



Va) 



c\ 



VI 

U) 



0^ 

H 



H 






o 



w 

H* 

P^ 



w 

l£> 

\r* 

tr^ 

W 

tj 



w 

p 

O 

ts" 

O 



o 

B 

P 

P 

O 

P 

C o 
H O 
o a 

^5 H- 
<+ 
H' 
O 
P 



0) 

•y* 

(n 

o 



w 

p 

o 

H 

o 

p 

<+ 

P 

P 

P 

<+ 

P' 

Q 

►>' 

P 

P* 

P 

5 
3 

H* 

O 

CO 

cn 

6 

Cj# 

CD 

O 

d- 

CO 

p> 

o 

.§ 

H* 

H 

U) 

H‘ 

P 

W 



P 

P 

- - F* 

o 

o 

H 



»d 


X 


vn 




to 


w 




CO 


ro 


o\ 


VO 






CO 


A 














CD 




II 












CO 


• 




CA 


ro 


to 




t-* 


H) 


VO 


• 


ro 


to 


VO 


O 


Q 


o 


o 










sj 


O 






W 

ro 



O 

ERIC 






116 



















Data was not available to examine the question concerning the 
pupils general academic ability nor his attitudes or motivation 
to achieve either in mathematics in particular or in school 
generally. Hov/ever, if proficiency differences did exist between 
pupils in E and C classes independent of the grades received, 
these differences should have been reflected on a proficiency 
test measure (mathematics section, STEP) obtained for a large pro- 
portion of these pupils at the beginning of the ninth grade. Here 
again this question is only of consequence for pupils in the lovrer 
ninth grade performance level, since it was only for pupils in 
this category that there was a reasonable nonenrollment proportion 
to provide a basis for comparison. Within each E program compari- 
son condition for lower performance pupils, enrollment comparisons 
were made separately for those above and below the median on the pro- 
ficiency test as obtained for the males and females separately. 

Table 53 shows these frequencies. 

Two points are evident in the Ball State and UICSM comparisons. 

One is that there was a greater proportion of relatively higher pro- 
ficiency pupils in the E than in the C classes. Comparisons between 
the proportions of E and C class pupils above and below the test 
median , shown as marginal totals, indicates that the differences in 
this respect for the Ball State males (x^ = 6.8, p < ,01) and females 
(x^ = U.2, p < ,05) and for the UICSM pupils (both sexes combined, 

X^ == 3.8, ,05 < p < .10) were quite reliable. 

It is also apparent that even within the proficiency levels a greater 
proportion of the Ball State boys and UICSM boys and girls enrolled 
in tenth grade mathematics subjects. This tendency was stronger for 
those in the below median category, although for none of these compari- 
sons did the difference reach the ,05 level of significance. 

For the SMSG program comparison, there was no difference between the 
E - C classes with respect to test proficiency however, among the 
higher proficiency girls, a somewhat greater proportion of those in 
the SMSG program enrolled in tenth grade mathematics. 

In general, it appears that the enrollment differences observed for 
the Ball State boys and for all UICSM pupils were due in part but not 
totally to existing differences in mathematics proficiency as indicated 
by test scores. Apparently for the E - C class pairs in the Ball State 
and UICSM comparisons, the E class pupils had on the average a. somewhat 
higher level of proficiency which was not, however, reflected on the 
grades they had received, 

ii* Enrollment in tenth and eleventh grade mathematics 

Considering tenth and eleventh grade mathematics subjects, there were 
several alternate enrollment sequences after the ninth grade: 

a) no further enrollment in tenth and eleventh grades 

b) enrolLment in eleventh grade only 

c) enrolLment in tenth grade only 

d) enrollment in both tenth and eleventh grade 



TABLE 53 



Tenth Grade Matheiaatics Enrol.tent Frequencies for Lou Ninth Grade performance 
Pupils in E and C Classes Within Levels of Mathematics Test Proficiency.^ 



Test level 
Sex 

Prorcram 


K 

O 


Below median 
; 

F 

E C 




. . ^ 


M 

C 


Above 


median 

E 


F 

C 




Ball State: 






















Enrolled 


6 T 


13 


5 6 


11 


17 


7 


2l| 


7 


2 


9 


Not enrolled 


2 13 


15 


8 10 


18 




li 


8 


6 


1 


7 




8 20 


28 


13 l6 


29 


21 


11 


32 


13 


3 


16 




P = .OT 


p > .10 


P 


> .10 


P 


> .10 


UICSM: 






















Enrolled 


8 T 


15 


7 6 


13 


Ik 


5 


19 


9 


1| 


13 


Not enrolled 


7 12 


19 


2 6 


8 


0 


2 


2 


h 


3 


7 




15 19 


3h 


9 12 


21 


111 


7 


21 


13 


7 


20 




p > .10 


p > .10 


P 


> .10 




P 


> .10 
























Enrolled 


15 13 


28 


13 11 


2h 


20 


19 


39 


18 


6 


2l| 


Not enrolled 


10 13 


23 


12 15 


27 


9 


9 


18 


7 


9 


l6 




25 26 


51 


25 26 


51 


29 


28 


57 


25 15 


1|0 



P > *10 p > .10 j p > .10 ~ 3.^2 



.05 < p < .10 



£t 

The frequencies shown in this table do not match those in 
the previous table d\?e to test data being unavailable for 
some pupils . 
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Enrollment in additional mathematics courses beyond the tenth 
grade (categories [c] and [d] above), however, is no doubt in- 
fluenced at least as much by the pupils’ experience in his tenth 
grade class as his experience in ninth grade. Consequently, E - C 
comparisons with respect to categories (a) and (b) would appear to 
provide a more meaningful reflection of the effects of the ninth 
grade program and therefore, eleventh grade enrollment comparisons 
were made separately for those who did and did not enroll in mathe- 
matics in the tenth grade, i.e. for those in categories (c) and (d) 
and those in categories (a) and (b), respectively. Since in the 
previous analysis the mathematics test scores appeared to provide 
a more sensitive control for existing differences in relevant pupil 
characteristics, the eleventh grade enrollment comparisons were made 
within levels of performance on the test measure of proficiency in 
mathematics obtained at the end of the ninth grade rather than \ae 
pupils’ grades. 

This analysis also permitted another comparison with respect to 
S - C differences in tenth grade enrollment, i.e, a comparison in- 
volving the proportions in categories a + b and c + d , This 
comparison was analogous to that carried out for the lower ninth 
grade performance pupils except that it included pupils at both 
performance levels and the post proficiency test was used to provide 
a somewhat tighter control on proficiency differences. 

Advanced mathematics enrollment frequencies for males and females 
above and below the median of the distribution of the proficiency 
test scores for each of the possible enrollment sequences are shown 
in Table 5^^ , ^(This table includes only those for whom actual 
enrollment decisions at both the tenth and eleventh grades were known, 
i.e,, those who remained in the school system from the ninth grade 
into the eleventh grade,) Comparisons between the enrollment fre- 
quencies for E and C class pupils were made within sex by proficiency 
level categories using either Chi-square or the Fisher exact proba- 
bility test. 

For pupils who had not enrolled in tenth grade mathematics, only one 
difference was reliable with a statistical probability of ,10 or less. 
Higher proficiency girls v;ho had been instructed with the SMSG program 
showed a significantly lower (p < ,03) frequency of eleventh grade en- 
rollment than comparable girls instructed with the conventional program. 
There were no similar tendencies indicated at the eleventh grade level 
for other pupils instructed with the SMSG program nor was this tendency 
observed for SMSG pupils for tenth grade enrollment. 

Among pupils who had enrolled in tenth grade mathematics, the only 
E = G difference in eleventh grade enrollment reaching the ,10 level 
of probability was that for the lower proficiency UICSM boys (p < ,08) 
who had a higher frequency of enrollment relative to those in the con- 
ventional comparison classes. The latter difference appears to be a 
continuation of a tendency observed at the tenth grade level. 



TABLE 5^ 

Frequency of Enrollment in Tenth and Eleventh Grade Mathematics 
Subjects for E and C Class Pupils V/ithin Post 
Ninth Grade Mathematics Test Proficiency Levels 



Test level 




Below median 






Above 


median 




Sex 


M 




F 






M 


F 




Program 


E 


C 


E 


c 


E 


C 


E 


c 


Grade enrolled 


















Ball o 
State ^ 


1 


12 


10 


10 


0 


2 


1 


1 


9 & 11 


3 


6 


it 


3 


3 


k 


7 


2 


Total-not 10 


k 


18 


17 


13 


3 


6 


8 


3 


9 & 10 


5 


2 


9 


6 


12 


12 


8 


10 


9, 10, & 11 


9 


7 


10 


3 


26 


17 


13 


13 


Total - 10 


Ih 


9 


19 


9 


38 


29 


21 


23 


UICSM 9 only 


7 


12 


7 


8 


0 


1 


2 


3 


9 & 11 


0 


3 


h 


3 


1 


3 


0 


0 


Totq,l-not 10 


7 


15 


11 


11 


1 


k 


2 


3 


9 & 10 


Ill j I -- 

9 


10 


15 15 


8 


6 


11 


12 


9, 10, & 11 


9 


2 


5 


3 


26 


Ik 


Ih 


9 


Total - 10 


18 


12' 


20 


18 


3k 


20 


25 


21 


SMSG 9 only 


8 


13 


Ik 


23 


6 


6 


8 


3 


9 & 11 


1 


0 . 


0 


3 


0 


0 


1 


6 


Total-not 10 


9 


13 


Ih 


26 


6 


6 


9 


9 


9 & 10 


9 


10 


18 


15 ■ 


6 


7 


Ih 


9 


9, 10, & 11 


l6 


l6 


18 


15 


37 


30 


29 


13 


Total - 10 


25 


26 


36 


30 


k3 


37 


h3 


22 



In general, there vas little evidence that eleventh grade mathe- 
matics enrollment decisions were influenced to any real extent by 
the specific program of instruction at the ninth grade le\'el when 
comparisons vere made considering pupil proficiency in mathematics. 

The only exception was for the girls instructed v?ith the SMSG jjro- 
gram. However, in view of the lack of similar differences for 
other comparisons for the SMSG program these results appear to be 
too sx^ecific to provide the basis for any broad generalization in 
this regard. 

Further comparisons made vrith respect to enrollment in tenth grade 
Pos't proficiency level was considered as shovm in Table 5^* , 

indicated a greater enrollment proportion for lov/er proficiency 
boys instructed with the Ball State, = 6.85, p < . 01 , and the 
UICSM, “ 2.99 j .05 < p < . 10 , programs. Although there was no 

direct control for ninth grade perfoimance level in the latter com- 
parisons, examination of Table suggests that such a control may 
not have been necessary since there were no real differences in the 
proportions of high and low perfonnance pupils bet^^een the E and C 
class pupils being compared, Conseauently when the analysis considered 
a larger sample of pupils (i.e, both performance levels) with a control 
for proficiency differences, the tenth grade mathematics enrollment 
proportions for lower proficiency Ball State boys were clearly higher 
than those for similar conventional class pupils, A similar differ- 
ence which was not of the same magnitude was also observed for the 
lower proficiency UIC3M boys. 

Taken altogether the observed program differences suggest that the 
Ball State and possibly the UICSM programs i^ere having some effect on 
subsequent enrolJjnent decisions at least for pupils for whom such a 
choice would seem to represent more of an option. 



iii. Enrollment in tenth grade science 

T r T «ni Tini~ ~ip~ii r~rn»^nii rmCnt n-nulnn «t^ r in rp«m -<-■ 

To determine if the instructional program followed in ninth grade 
algebra may have influenced enrollment decisions for subjects other 
than mathematics which V7ere likely to utilize mathematics or to involve 
quantitative concepts and relations, comparisons vrere made between E 
and C class pupils with respect to enrollment in science subjects in 
the tenth grade. 

To control for the possible effects of grades received in previous 
science subjects, comparisons were made separately for pupils vrho had 
received a grade of 3 or better and C or less in their ninth grade 
science subjects. 

Table 55 shows the tenth grade science enrollment frequencies for the 
sexes separately within the two levels of ninth grade science performance. 
Either Chi-square or the exact probability test was used to determine 
the reliability of the E - C differences in enrollment frequencies. 



computed with Yates correction,. 

Probability values are the exact probability of an E — C difference as large or larger than obtained 
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Enrollment in Tenth Grade Science Subjects for Pupils in E and C Classes for 

Each E Program Comparison Condition 



I 

9 

1 



For the Ball State and SMSG program comparisons j none of the E - C 
enrollment differences reached the .05 level of probability. For 
the UICSM program, hov-ever, lov;er ninth grade perfoi'nance boys and 
higher performance girls (and both sexes combined) shovred a 
reliably l o\-rer frequency, of enrollment than conventional class 
pupils, 

The differential enrollment in tenth grade science observed for the 
UICSM pupils vould suggest ti.at this program may have had a deterring 
effect on pupil decisions in this regard. However, this difference 
was not consistent vith the relatively higher frequency of enrolDment 
in tenth grade mathematics for the UICSM pupils which would seem to 
be a more sensitive indicator of attitudinal effects of the program 
on enrollment decisions with respect to subjects involving mathe- 
matics, One possibility was that the t\io decisions were not inde- 
pendent, that for some pupils the decision to enroll in mathematics 
affected '^he decision not to enroll in science or vice-versa. That 
is, a cei ^ain proportion of pupils may have decided not to enroll 
in both mathematics and science subjects but rather to select one 
or the other. If a relatively higher proportion of such pupils in 
the UICSM classes chose to enroll in mathematics then a relatively 
smaller proportion would have enrolled in science which would account 
for the observed differences. To determine if this i^ere the case, a 
tabulation was made considering the tenth grade enrollment in both 
mathematics and science jointly, disregarding previous performance. 
This tabulation is shown in Table 5^ , 



T/iBLE 56 



Frequency of Enrollment in Tenth Grade Mathematics an d Science 
for Pupils Instructed with the UICSM and Conventional Programs 



Science 






E 



C 



Mathematics 



Not 

Enrolled Enrolled 



Not 

Enrolled Enrolled 





Not 














MALES 


Enrolled 
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k 
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3 


IT 


20 




Enrolled 


12 


k6 


58 


1 


3h 


35 






15 


50 


65 
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51 


55 




Not 












l6 


FEriALES 


Enrolled 


1 


10 


11 
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13 




Enrolled 


10 


h3 


53 
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36 


ii0 






11 


53 


6h 


7 


k9 


56 



^^Comparisons made within the SMSG and Ball State programs for the 
small number of pupils not enrolled in ninth grade science also 
showed no differences. Only a very small number of pupils in the 
UICSM comparison were not enrolled in ninth grade science. 
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It is apparent that the tenth grade mathe:natics and science en~ 
rollLaent differences between UICSM and C class pupils occured 
almost completely among pupils who enrolled in only one of these 
two subjects. Among pupils enrolled In either mathematics or^ 
science, those from the UICSM classes were more likely to enroll 
in mathematics and those from the C class to enroll in science. 
Considering just the pupils *who enrolled in only one of the two 
subjects, the degree of association between subject chosen (inathe- 
ma.tics or science) and program of instruction (UICSM or conventional) 
was highly reliable, ~ lU,6, p < ,001, However, a comparison 
between the proportion of UICSM and C class pupils enrolled in both 
subjects indicated that these differences were not reliable either 
for boys, P > «^0, or girls, y} = ,0U, p > ,80 . 

Consequently it appears that the differential frequency of tenth 
grade science enrollment observed in the UICSM comparison occurred 
only among pupils selecting either mathematics or science and was a 
result of this differential choice, UICSM pupils more frequently 
chose mathematics, conventional class pupils more frequently chose 
science. It seems most reasonable to conclude that for pupils in 
the UICSM comparison the tenth grade mathematics and science en- 
rollment differences were mainly a result of the ninth grade mathe- 
matics program directly affecting the mathematics enrollment decision 
and thereby affecting the science decision indirectly. That is, the 
decision with respect to science enrollment followed from the mathe- 
matics enrolLment decision which was affected by the ninth grade 
mathematics program. 

Summary and Discussion 



With respect to the effects of the program of instruction in ninth 
grade mathematics on decisions to enroll in advanced mathematics in 
the tenth grade, a greater frequency of enrolliaent was observed among 
lower ninth grade performance boys instructed with the Ball State 
program and lower performance boys and girls instructed with the UICSM 
program when compared to similar pupils in conventional classes taught 
by the same teachers. Ho differences in enrollment between E and C 
class pupils for any of the E programs were observed for higher per- 
formance ninth grade pupils, a very large majority of whom enrolled 
in tenth grade mathematics. There were also no consistent instruc- 
tional program differences in advanced mathematics enrollment at the 
eleventh grade level either for those who had or had not enrolled in 
tenth grade mathematics. The one difference that was observed (a 
lower enrollment for higher proficiency girls instructed with the SMSG 
program who had not enrolled in tenth grade mathematics) would seem 
more likely to be a resvilt of factors other than the attitudinal 
effects of the ninth grade program since similar differences were not 
observed for other SMSG program enrollment comparisons tha,t should 
have been more sensitive to such attitudinal effects. The results 
obtained for eleventh grads enrollment do not suggest that there were 
any extensive effects of the ninth grade programs on subsequent en- 
rollment decisions beyond the tenth grade level. 



Although the pupils for v;honi tenth grade enrollment differences 
vere observed (lov;er performance li and C class pupils in the Ball 
State and UICSM comparison condition) did not differ vith respect 
to the grades they received in their ninth grade mathematics 



classes j the L class pupils that exhi.bited a higher freoucncy of 
enrolbncnt were found to have a higher initial level of proficiencj*" 
as indicated by mathomatics test scores. The analysis indicated 
that this difference could account for some of the enrollment 
differential. Even though it does not seem likely that the nro- 
ficiency test scores in themselves would have directly affected 
the pupils’ enrolbnont decisions in the same way for example that 
his grades might do so, scores on similar tests may have been used 
within the school as a basis for reco?mnendations concerning subse- 
quent enrollment, especially for lower performance pupils. Another 
possibility is that the test scores were reflecting a somev.'hat higher 
general academic ability among the E class pupils which in turn 
would be more likely to be associated with subsequent enrollment in 
academic subjects. Nonetheless, comparisons in which proficiency 
differences were controlled continued to show a somewhat higher 



enrollment for lower proficiency boys instructed with the UICSM 
and Ball State programs; the differences for the latter being larger 
and more reliable. For the UICSM pupils, it was also found that the 
relatively higher enrollment in mathematics was related to a signi- 



ficantly lower enrollment in tenth grade science subjects. For both 
mathematics a,nd science subjects the more general enrollment differ- 
ences were found to be mainly the result of differences in this re- 
gard between UICSM and C class pupils who had enrolled in only 
one of the two subjects, those in the UICSM program tending to en- 
roll in mathematics, those in the conventional program in science. 
Comparisons for the other experimental programs did not indicate 
any tenth grade science enrollment differences. Consequently it 



appears that any affects of the experimental mathematics programs 
on science enrollment may have been only an indirect result of ex- 
perimental program effects on mathematics enrollment decisions. 



There is a further consj. derat ion with respect to enrollment differ- 
ences and that concerns the pupil’s general academic motivation and 
objectives as well as his initial (pre ninth grade) attitudes toward 
mathematics and science. However, none of these factors, which may 
also have varied between the E and C class pupils and contributed 
to enrollment differences were assessed in this study, consequently 
it is difficult to conclude that the experimental programs as such 
were having any definite effect on pupil attitudes as manifested by 
subsequent enrollment decisions. The differences observed for the 
Ball State and UICSM pupils were however of sufficient magnitude to 
justify further study considering pupil attitudes as well as other 
factors , 
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study II 



Data gathered in connection with the previous study examining the 
possible effects of the ninth grade prograT. of instruction on the 
pupil* s subsequent enrolL^ient in advanced mathenatics did not in- 
clude indices of the pupils 'attitude toward matheiaatics. In that 
study there was the possibility that snrollaient differences ob- 
served between pupils instructed with certain experimental and con- 
ventional mathematics programs may have resulted from or have been 
affected by initial (pre-ninth grade) differences in attitudes 
toward or interests in mathematics that existed independent of the 
program of instruction. To replicate the previous study and to do 
so considering pupils* existing attitudes or interests with respect 
to mathematics, data concerning tenth grade mathematics enrollment 
was gathered for an additional sample of pupils for whom scores on 
measures of interest in mathematics had been obtained. 

Comparisons similar to those in the first study concerning enroll- 
ment in tenth grade science v?ere not carried out in the second study. 
The reason was that such a high proportion of pupils enrolled in 
tenth grade science that it was not likely that a differential en- 
rollment could be detected. 



Method 



This study was carried out using the second year (1965-66) sample 
of ninth grade pupils in classes for whom indices of mathematics 
attitudes and interests had been obtained via questionnaire. The 
sample was comprised of seventeen pairs of classes, each pair being 
instructed by the same teacher one class with one of the three experi- 
mental programs , the other with a conventional program. Four of the 
E classes had been instructed with the Ball State program, six with 
the UICSM program and seven with the SHSG program. 

Information was obtained from the schools concerning the subjects in 
which these pupils enrolled in the tenth grade and their previous 
years* (ninth grade) grades in mathematics. Pupils were considered 
to have enrolled in advanced mathematics if they were taking geometry 
or advanced or higher aLgebra in the tenth grade but not if they were 
taking general or commercial mathematics subjects. 

As in the previous study pupils Mere classified with respect to their 
level of perfomance in ninth grade algebra on the basis of the over- 
all or average grade they received for the entire year. Pupils Mho 
received grades of A or 3 were considered "high” performers, those re- 
ceiving C or D v^ere classified as "low" performers. Pupils v:ho had 
failed the subject were not included in the analysis since they would 
not be in a position to choose to enroll in advanced mathematics. 

To determine whether E - C differences in enrollment might vary between 
alternate levels of pupil proficiency and/or levels of pupil interest 
in mathematics and to control for the possible affects of these 



characteristics > pupils v/cre also classified with respect to each of 
these factors. Scores v?ere obtained at the beginning of the ninth 
grade year on the mathematics secti on of the STEP and on the Aiken 
Mathematics Interest Scale v/hich served, respectively, as measures 
of initial proficiency and of interest in mathematics. (Descriptive 
information for each of these measures is given in section IV Alb.) 

T\vo levels were established on each of these measures differentiating 
those above and belov? the median of the distribution of scores for 
all pupils in the sajnple. 

b. Resu3.ts 

Table 57 shows the frequency of enrollment in advanced mathematics 
in tenth grade for E and C class pupils within each E program compari- 
son condition considering pupil sex and level of performance in ninth 
grade algebra. Either Chi-square or the Fisher exact probability test 
was used to determine the reliability of the E - C differences within 
and across each of the cross-classification categories. For none of 
the E - C comparisons within or across any of the categories for any 
of the E program conditions vzere there reliable (p < .10) differences 
in fioquency of enrollment. For the higher ninth grade performance 
pupils, approximately 82 percent enrolled in tenth grade advanced 
mathematics subjects while for the lower performance pupils, 51 percent 
enrolled. As in the previous study, the high level of enrollment, 
generally, on the part of the higher performance pupils did not provide 
a very adequate basis for enrollment comparisons. 

To determine the nature of the enrollment differences between E and C 
class pupils considering pupil proficiency and pupil interest in mathe- 
matics further comiDarisons were made within levels of each of these 
factors for the low and high performance pupils separately. For higher 
performance pupils, none of the comparisons revealed reliable E - C 
differences and in a number of the cross-classification categories, 
meaningful comparisons were not possible because of the low frequency 
of nonenrollment. Consequently, the results of the additional analyses 
are shown here only for- the lower ninth grade performance pupils. 

Table 58 shows the E - C enrollment frequencies within levels of pro- 
ficiency and Table 59 within levels of interest in mathematics for 
the lower performance pupils. 

Enrol]jnent comparisons, using either Chi-square or the Fisher exact 
probability test, \iithin levels of initial proficiency in mathematics 
indicated no reliable E - C differences for any of the E program compari- 
sons. Comparisons within levels of initial interest (Table 59 ) did, 

however, indicate reliable E - C enrolLment differences for the UICSM 
program. Among the lower performance pupils, a higher frequency of en- 
rollment occurred for the UICSM instructed pupils having lower initial 
interests than for similar pupils instructed with the conventional 
program. The difference in this regard was larger and more reliable 
for boys than girls, A similar difference did not occur for pupils in- 
structed with the UICSM program having a higher level of initial interest 
nor did reliable enrollment differences occur within either level of 
pui)il interest for any of the other instructional program coraparisons. 




All Pupils 



Females 



Males 



J-3 

o 

cf 

P 

H 



o 

c+ 

t=J 

o 

H 

H 

(D 



w 

p 

o 

H 

H 

(D 



O 

c+ 

P 

H 



O 

c+ 

W 

P 

*-< 

O 

H 

H 

(D 

P^ 



W 

P 

o 

H 

H 

Ct> 



O 

cf 

P 



O 

cf 

W 

p 

o 

H 

H 

(D 

P^ 



W 

P 

o 

H 

(D 

P^ 





H 


Ia) 


ro 






ro 






VI 




H 


CaJ 


O 


U) 


ro 


-P^ 


cx> 


U) 


H 


ro 


H 




H 


H 




H 


—3 


VI 


ro 


cx> 


CD 


O 


VO 


—3 


ro 


CP 


ro 


VI 


-p^ 


H 


ro 


-p^ 


H 


U) 


ro 


VO 


CaJ 


H 


cx> 


U) 


H 


H 


o 


Ia) 




ro 


ro 




H 


H 




H 


Ia) 


VI 


CX) 


ro 


-p^ 


OD 






o 


CaJ 




U) 


H 




H 


H 




H 


CX> 


—3 


H 


VO 


\J\ 


-P^ 


VO 


ro 


—3 


—3 


H 


VI 


-p^ 




(jD 


U) 




ro 


H 


ro 


VO 


H 


VO 


ro 


o 


w 


—3 



—3 


-p^ 


ro 


CaJ 


ro 


H 


CaJ 


ro 


H 


o 


ro 


cx> 


ro 


ro 


O 


(DO 


o 


(DO 


VJl 


-p^ 


H 


ro 


H 




LO 


ro 


H 


o\ 


o 


o\ 


-p- 


cx> 


o\ 


ro 


ro 


O 


H 

ro 


CO 


-P^ 


\j\ 


4=- 


H 


--3 


-p- 


ro 


o\ 


ro 


-P^ 


o\ 


o 


CJ\ 


O 


ro 


(DO 



o\ 


H 


V/l 


ro 




H 


U) 




(jO 


ro 


O 


ro 


o\ 


VO 


—3 


OV 


H 


V/l 


VJ1 


H 


-p- 


ro 


H 


H 


ro 




ro 


—3 


CD^ 


H 


(DO 


ro 


o\ 


VO 


-P' 


vn 


H 


ro 


VO 


vn 


ro 


U) 


o\ 




0\ 


VO 


o\ 


U) 


-P- 


H 


U) 


VJl 


vn 


o 



(7\ 


U) 


to 


U) 


ro 


H 


U) 


H 


ro 


VO 


ro 


—3 


ro 


o 


ro 


—3 


ro 


vn 


—3 


ro 


-P- 


to 


H 


H 


4=r 


H 


(jO 


VJ1 


VO 


o\ 


H 1 


VO 


ro 


4=r 


o 


4::^ 


H 

-P- 


CD^ 


(DO 


o\ 


to 


ro 


oo 


ro 


vn 


-P- 


H 


LaJ 


U) 


VO 




H 


ro 


VO 


GV 




VJ1 


-p- 




(jO 


ro 




H 


ro 


VO 


U) 


H 


(J\ 


vn 


H 


to 


CD 


-p- 




-P- 


H 




H 


U) 




ro 


(DO 


—3 


H 


00 


vn 


to 


o 


ro 


CO 


H 

H 




VO 


VI 


H 




vn 




4::^ 


O 


a\ 


-P' 


VO 


H 


00 


H 


vn 


o\ 



M 

P 

(t W 
p ^ 
cf H 
3 P 

O O 
P cf 

C+ H- 

O 

P 

P 

H 



£=3 



O 



O 

cf 






o 



o 

cf 



t=d 



o 



o 

cf 



t=d 



o 



o 

cf 



t=d 



o 



o 

cf 






o 



f3 

o 

cf 



»p a 

o 

p 

♦ij cf 
O P' 

3 CF? 
P 

P P 

O Pj 
(D (D 

H 3 
(0 P 
< cf 
(0 P' 
H 



O 

< 



(FI 

P' 



ir* 

o 



W 

H* 

p- 



tr< 

o 

SJ 



W 

H* 

OQ 

IS- 



t=3 

O 

«r-i 

p 

3 



w 

> 

f* 

\r< 

CO 

> 

t=^ 



CO 

s 

CO 

Q 



t=^ 

t=^ 

rs 

p 

a o 

Pj h 

r 

o o 
p 
cf 

o 

|-» H* 

P P 

CO 
CO 
CD 
CO 






p 

ci" 

o 

Q 

ro p 
P Pj 
o ro 

S 

P 

W c+ 





fd 








P 




o 


cf 




(A 


H* 






O 




g 


CO 






CQ 


c 


o 


P 


M 


Q 


(O' 


O 


3 


C-j« 


CO 




(D 


s 


P 


O 




4 


cf 




H* 


CO 




CO 






o 


H) 




p 


O 










o 






o 






p 






p> 


H* 




H* 


H 




cf 


CO 




H* 






O 


H* 




P 

• 


P 



t”< 

H 

vn 

-«J 



128 



ERIC 






All 

PUDilS 



Fe.nales 



Males 



o 

cf 

P 

H 



W 

O 

H 

H 



W 

P 

O 

H 

M 

Q 

Pi 




k 3 

O 

c+ 

P 

H 



O 

cf 

P 

O 

H 

H 



W 

D 

O 

H 

H 

O 

pi 




o 

cf 

P 



H 

ro 



H 

O 



ro 

ro 



s 

o 

cf 

w 

» 

o 

H 

H 



W 



vn 



P 

hi 

O 

H 

H 

CD 

pi 



VO 



VI 



M 

P 

P W 
P c+ 
Cf 

a p 

0 O 
P Cf 
c+ H* 
O 
P 
P 
H 



c=d 



H 



o 



o 

cf 



O 0 



P 

H* 

P 

cf 

P' 



H 
O 
H 
0 
P 
O 

H P 

0 pi 
< 0 
O 

, H 3 
S P 
ct 
p- 

tr< 

o 






w 



o 



o 

c+ 



H* 

(n 

P 









o 



o 

cf 



tr^ 

o 









o 



o 

c+ 



H- 

P' 






w 



o 



o 

cf 



o 






w 



o 



y 3 

o 



H- 

tf 



w 

f-v 

d 

Oi 

p 

3 



W 

> 

tr< 

tr^ 



CO 

§ 

t*i 



a 

M 

O 

CO 



s 



CO 



S 



CO 

Q 



129 



TABLE 5o 

Frequency of Tenth Grade Mathematics Enrollment for Lovr Ninth Grade 
Performance E and C Class Pupils Considering 
Levels of Initial Proficiency in Mathematics 
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3 . 



Discussion 



In the second study differences in enrollment in tenth grade mathe- 
matics "were observer only for loi%'er ninth grade performance pupils 
having a lower initial interest in mathematics in the UICSM program 
comparison. A significantly higher proportion of UlCSIi instructed 
pupils with these characteristics enrolled in advanced mathematics 
than similar pupils instructed with a conventional program. In the 
first study chere was also a higher enrollment in tenth grade mathe- 
matics for UICSM instructed pupils which occurred more generally for 
all lower ninth grade performance pupils. However, the higher en- 
rollment appeared to be due in part to a larger pronortion of higher 
proficiency pupils in the UICSM classes. In the second sample 
enrollment differences did not vary between the proficiency levels 
for the low performance pupils , 

For the Ball State program, the first study indicated that lower 
performance boys had a higher rate of enrollment than those in con- 
ventional classes. This also appeared to be due in part to pro— 

difierences between E and C class pupils. Similar evidence 
was not obtained in the second study siLggesting that the Ball State 
program as such was not conoributing to differences in sub-3ec[uent 
mathematics enrollment. 

For the SMSG prograri, no enrollment differences were observed in 
either study. 



Considering the fact that the ssmples of classes included in each of 
the two studies were instructed in different schools, by different 
sets of teachers, the results obtained seem to suggest that for lower 
ninth grade performance pupils having somewhat lower initial interests 
in mathematics , instruction with the UICSH program contributed to a 
greater likelihood of enrolling in advanced mathematics in the tenth 
grade. This would also seem to suggest that for these pupils the UICSM 
program had some positive effect on their attitudes toward mathematics. 



P. ^. Observed on Overt Behavioral Indices 

Comparisons for each of the experimental programs on each of several 
behavioral indices of interest revealed few differences in this respect, 
between pupils instructed v^ith the E and C programs. In the mathe- 
matics activity bulletin study, a somewhat larger proportion of UICSM 
instructed girls in the ninth grade and pupils of both sexes in the tenth 
grade exhibited behavior indicative of a higher interest in mathematics 
activities than similar pupils instructed with the conventional progrsms. 
However, in a separate comparison, reliably fewer UICSM than conventional 
class boys in the ninth grade requested subscriptions to the Mathematics 
Student Journal which represented a similar index of interest in extra- 
curricular mathematics activities. 
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Interest nanifestsd by library reading of mathei:iatics materials 
occurred more frequently for SM3G instructed boys and UICS.-I in- 
structed sirls than for comparison pupils in conventional classes. 

For the UICSM girls, this difference occurred more generally, i.e. 
over a larger sample of classes. 

Comparisons made with respect to post ninth grade enrollment in ad- 
vanced mathematics showed, in two separate samples, a tendency 
toward somewhat higher enrollment for UICSM than for conventional 
class pupils. A similar tendency observed in one sample for Ball 
State pupils did not appear in the second sample. For none of the 
E programs, however, were the differences on any behavior index 
observed consistently over all sex and/or proficiency level categories. 
With the exception of the difference in connection with library 
reading observed for the SM3G program, all of the differences were 
observed in the comparisons which involved the UICS;i prograra and for 
all but one of the latter instances as well as that for the S.'ISG 
program, behavior representing a higher level of interest was exhibited 
by pupils instructed with the E rather than the C programs. It should 
be noted that the one difference favoring the conventional program was 
observed on an index that required the least amount of actual partici- 
pation or involvement, the request for a subscription to the mathe- 
matics Journal. 

In connection with the differences that \rere observed, the lack of con- 
sistency in the differential effects obtained for the separate levels 
of proficiency and/or sexes precludes drawing any general conclusions 
with respect to these possible moderating factors other tha,n those 
suggested above in the discussion of the separate studies. 

Overall, these results do not provide a basis for concluding with any 
confidence that any of the experimental programs had a general 
differential effect of a practical magnitude on the mathematics inter- 
ests underlying the behaviors observed in these studies. It should be 
noted that it is likely that the behaviors being reflected in each of 
these indices were subject to the effects and influence of factors 
other than the pupils interest as such even though attempts were made 
to minimize such effects. Because of this»these indices were probably 
not too highly reliable nor precise measures of interest, per se, and 
thereby less capable of detecting small differences that may have 
oc curred. 

Considering that the results on the separate indices were obtained from 
several separate samples of classes and teachers and that the indices 
were probably not very sensitive measures of interest, the occurrence 
of the several differences indicating a higher level of interest for 
the UICSM pupils would suggest that this program could have made some 
modest contribution to pupils’ attitudes toward mathematics. The 
evidence does not support a similar statement for the Ball State or 
SMSG programs although the evidence also did not suggest that the latter 
programs were contributing to a less positive interest in mathematics. 




VI 



CONCLUSIONS 



With respect to the question of main concern for this project, the 
evidence did not support an unequivocal conclusion that any of the 
experimental programs in secondary mathematics had a differential 
effect of a significant magnitude on pupils’ attitudes toward or 
and interests in mathematics. For none of the experimental programs 
were differences resulting from comparisons with conventional pro- 
grams observed with a high degree of consistency over the various 
attitude indices and/or the separate samples of pupils utilized in 
the project. Nonetheless the differences that were observed for two 
of the experimental programs were of sufficient consistency to suggest 
that each of these programs could have a real but very modest effect 
on some aspects of pupil attitudes toward mathematics. 

Results obtained from the self-report indices indicated that pupils 
instructed with the Ball State program tended to develop less positive 
attitudes or interests toward mathematics than those instructed with 
conventional programs. For the UICSM program there were indications, 
mainly from the behavioral indices that this program may have contri- 
buted to the development of more positive attitudes or interests than 
the comparison conventional program. For pupils instructed with the 
SMSG program, the differences v/ere too limited to conclude other than 
that this program had no discernible differential effect on pupil 
attitudes. 

Overall, however, the differences that did occur for the Ball State 
and the UICSM programs did not appear to be of sufficient magnitude or 
generality to conclude that these programs could contribute more than 
the conventional programs to any strong or long range shifts in pupil 
attitudes or interests which might not be fairly readily modified by 
subsequent factors or conditions. 

The clearest difference observed for any of the program comparisons 
concerned pupil reaction to one of the qualities of the instructional 
materials, the difficulty they experienced using and understanding their 
textbooks. Pupils instructed with the Ball State program consistently 
reported greater difficulty using and understanding their textbooks than 
did comparison pupils instructed with conventional materials, A similar 
difference occurred for those instructed with the SMSG program but the 
large amount of variation between teachers with respect to this differ- 
ence precluded any generalization beyond the sample, A similar differ- 
ence did not occur for pupils using the UICSM materials. The observa- 
tion of program differences with respect to this quality of the instruc- 
tional materials as such did indicate that pupils were sensitive to at 
least some characteristics that differed among the programs being com- 
pared and that this effect might be expected generally for pupils in- 
structed with the Ball State program. Further, the fact that this 
quality could account for specific interest differences observed for 
the Ball State program, identifying thereby the source of this effect, 
as vxell as for a significant proportion of interest change for pupils* 
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in general suggests that characteristics of instructional materials , 
as such, can influence affective reactions to the content of a sub- 
ject matter area such as mathematics. 

An examination of certain teacher connected characteristics such as 
their evaluation of and experience with the experimental program 
being taught and pupil characteristics such as sex and mathematics 
proficiency level did not provide any consistent evidence that these 
factors affected or modified the instructional prograjn differences 
observed generall:/. Also, it did not appear that the lack of larger 
instructional program differences resulted from a limited amount of 
attitude change in general since it was estimated that for the self- 
report indices, a reasonably large amount of attitude change had 
occurred over the period of instruction, 

A more general but limited assessment of the independent attitudinal 
affects of textbook difficulty as an instructional program character- 
istic and change in grades pupils’ received from the previous year 
as a separate variable in the instructional situation showed that 
these factors generally had a greater effect on attitude change than 
any of the instructional program variations that were examined. The 
latter assessment also provided some expirical evidence tha.t intrinsic 
interest and perceived^ knowledge or proficiency are somewhat independent 
dimensions of a general attitude toward ma.thematics in that changes 
on these dimensions were differentially related to variations in text 
difficulty and pupil grades. 

Taken altogether the evidence suggests that very little attitude 
change could be attributed to the instructional program variations 
examined in this project. The differential effects that were observed 
with respect to affective outcomes would not seem to have sufficient 
magnitude or generality to be the basis for decisions concerning the 
use of those programs in an instructional situation especially when 
qualities and characteristics relevant to other instructional outcomes 
were to be considered. 

On a broader scale, the results of this project suggest the need to 
determine more exactly the specific qualities and characteristics of 
instructional materials and the factors and conditions connected with 
their use as well as those in the total instructional situation that 
in general effect a change in pupils' attitudes and interests with 
respect to the content of a given subject matter area. 
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Questionnaire Indices of Pupil Mathematics Attitudes and Interests 

1. Indices of specific attitude and interest dimensions from second 
year study post questionnaire. 

a. Instructions for responding to items. 



This questionnaire is to find out what pupils think or how they feel 
about the different subjects that they take in school. 



First you are to put an ’X’ 
beside each of the subjects 
you are now taking among 
those in the list on the right. 



English or Literature 
Social Studies (History, Civics, etc.) 
Science (General Science, Natural 
Science, etc.) 

Mathematics (Algebra, General Math, etc.) 
Foreign Languages (Latin, Spanish, etc.) 



You are to answer the questions in this part of the booklet for each of 
the subjects you checked above. Beneath each question there will be a 
scale on which you are to indicate your answers. You are to indicate 
your answers for each separate subject by drawing a short line across 
the scale at the place that shows how you want to ansvjer the question 
for that subjects You then write the code letter for the subject above 
the line you have drawn. The code is given below. 

LETTER CODE TO BE USED: English or Literature E Social Studies SS 

Science SC Mathem.atics H Foreign Languages FL 

FOR EXAMPLE , suppose you were asked 

Ho \-7 far from the front of the room do you like to sit in each of your classes? 



1 


1 


Very far 


Far j 


Erom 


Near the 


from the 


the front 


middle 



front 



Close to Very close 

the front to the front 



If you like to sit near the front in your English class, but near the 
back in your other classes, you might indicate your answers like this: 



SS 



Very f 
from the 
front 




SC , M 



1 




iFar j 


irom 



the front 



FL 

Near the 
middle 



Close to I Very close 
the front to the front 



However, if you preferred to sit near the back xn all of your classes, 
you might answer like this: 



, E SS FI 
1 1 1 


. SC M 
I 


1 I 1 —1. 


Very tar 
from the 


Fa? 

the 


from 

front 


Near the 
middle 


Close to 
the front 


Very close 
to the front 



front 




Or your seating preference might be quite different for each subject, 
and you may answer like this: 



Very far Far from Near the Close to Very close 

from the the front middle the front to the front 

front 



Remember : 

1. Be sure to answer each question as you come to it. Do not skip any 
questions . 

2. You are to answer for each subject that you are tald.ng — the subjects 
you checked V 7 ith an X above and only those subjects, unless the question 
says ^ other\;ise . 

3. Be sure to read each question carefully, each question is different. 

4. Y’ou should answer each question by drav;ing a separate line for each 
subject , on the scale below the question as shown in the example. 

5. Put each line at a different place on the scale — you can put tv;o 
marks right next to each other but not one on top of another. 

6. Be sure to alv?ays label each line vzith the code letter for the 
subject it stands for. 

7. You are to answer each question according to your own present 
judgement or feeling about each of these school subjects. 









1. indices of specific attitude and interest dimensions from second 
year study post questionnaire. 

b. Content of indices. 

i. Intrinsic interest Index . 



How much do you like or dislike each of the subjects you are now taking? 



Like very Like Like a Do not 

much some little like 

Hox^ interested are you in the material and the topics included in each 
of the subjects j^ou are now taking? 



Not at all Somev7hat Ouite Very much 

interested interested interested interested 

If the time were made available, hov7 would you feel about joining a 
school club next year having activities built around each of these 
subjects? 



Quite Somewhat Slightly Not at all 

interested interested interested interested 

How interested are you in the material and the topics included in each 
of your subjects compared to most other 9th grade pupils in your school ? 



Much more More interested 

interested than most 

than most 



Less Much less 

interested interested 

than most than most 



During your leisure time this summer hov; much would you like or dislike 
reading outside materials, such as books and magazines, about topics in 
each of the subjects you are nov7 taking? 



Like very 
much 



Like 

some 



Dis 

some 



ike 



i 

J_ 

Dislike 

very much 



1^41 












How much interest in the topics and materials included in each subject 
do you have compared to your close friends ? 



i 



1 



The most 
interest 



Somewhat 

more 



Somewhat 

less 



The least 
interest 



How much do you like or dislike doing an hours homework in each of 
the subjects you are now taking? 

J 



Dislike 
very much 



Dislike 
a little 



Like 
a little 



Like 
a lot 



VIhen you finish your education, how much would you like your job to 
include activities, topics and materials like those in each of your 
subjects? 



i 



i 



Not at all 



Somewhat 



Quite a bit 



Very much 



ii. Perceived Utility Index , 



How important do you feel each of your subjects is for vjhat you vjant 
to do as an adult? 



Not very 
important 



Somewhat 

important 



Quite 

important 



Very 

important 



C 



I 



I 

I 

I 



How much would learning the material in each of your subjects help 
with the work or education you plan to carry out after you comiplete 
high school? 



i 



A very 
great help 



1 



_L 



Help quite 
a lot 



Help 

some 



Help a 
little 
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iii. Perceived Knowledg e Index , 



Considering all you have learned over the years you have been in school, 
how much knowledge or ability do you feel you now have in each of the 
subjects you are taking? 



J ^ ^ L 

Very much Quite a bit Some Very little 

knowledge of knowledge knowledge knowledge 

Grades do not alv;ays show how much a person knows. No matter what 
your grades have been, how much do you believe you really know about 
each of these subjects compared to most other 9th grade students in 
your school: Mathematics (M) , English (E) , Social Studies (SS) , and 

Scien«^e (SC)? Ansv;er this question for these subjects whether you are 
now taking them or not. 



Have much Have less More knowledge Have much 

less knowledge knowledge than most more knowledge 

than most than most than most 

How much have you been able to learn in each of the subjects this year 
compared to most other 9th grade students in your school? 



Much less Somewhat Somevjhat Much more 

less more 

Hov 7 much knowledge and ability do you have in each of your subjects 
compared with your close friends ? 



Have the Less than More than Have the 

least most most most 

lIo ;7 does your present knowledge and ability in each subject you are 
taking compare to that of most other 9th grade students in your school ? 



Much less Less knowledge More knowledge Much more 

knowledge than most than m.ost knowledge 

than most than most 

After you go through high school, where do you think you will stand in 

your high school graduating class in each of these subjects: Mathematics (M) , 

English (E) , Social Studies (SS) , and Science (SC)? 

_J. 

Below 
average 



Among the 
poorest 



Above 

average 



Among the 
best 



Suppose all the students in the 9th grade in your school were divided i 

into groups according to the amount of knowledge and understanding they | 

had about a given school subject. Suppose there v?ere 10 equal sized | 

groups with group number 1 being those students with the least knowledge , | 

group number 10 the students with the most knowledge and groups ^ and | 

6 those near the middle. Group 6 would be for students v;ith somev7hat 
more knowledge than those in group 5. 

Considering your own knowledge and understanding in each subject 
compared to that of all other students in your grade, indicate by 
drawing a line across the scale in which group you believe you belong 
for each subject. Be sure to write the code letter for each subject 
above the line you draw. 

Il|2 |3 |4 Is I 6 |7 |8 |9 lioj j 

Most amount! 
of knowiedgj 



Least amount 
of knovjledge 




iv. Ease of Learning Index . 



How hard would you have had to v?ork or did you have to work to obtain 
an A or B average grade this year in each of the subjects you are now 
taking? 



Very hard Quite hard Hot too Not hard 

hard at all 

How difficult or easy has it been for you to learn the material that 
is covered in each of these subjects? 



Very Somev?hat Quite Very 

difficult difficult . easy easy 

How difficult or easy has it been for you to learn the material in 
each of your subjects compared to other students in your grade ? 



Much more More Somewhat Very much 

difficult difficult easier easier 




QuesCionnaire Indices of Puoil Mathematics Attitudes and Interests 

2. Indices of general mathematics attitudes and interests, 
a. Aiken Mathematics Interest Scale . 

Below are a number of statements pupils have made about mathematics. You 
are to indicate how much YOU agree or disagree with each of these statements 
by encircling the letter representing one of the following expressions: 



Strongly Agree (SA) 

1, I am always under a terrible strain in a math class, 

2, I do not like raathem.atics, and it scares me to have to 
take it, 

3, Mathematics is very interesting to me, and I enjoy math 
courses, 

4, Mathematics is fascinating and fun, 

5, Mathemiatics makes me feel secure, and at the same time it 
is stimulating, 

6, My mind goes blank, and I am unable to think clearly when 
X7orking math, 

7, I feel a sense of insecurity when attempting raathem.atics , 

8, Mathematics makes me feel uncomfortable, restless, 
irritable and impatient, 

9, The feeling that I have toward mathematics is a good 
feeling, 

10, Mathematics makes me feel as though I‘m lost in a 
jungle of numbers and can*t find m.y way out, 

11, Mathematics is something which I enjoy a great deal, 

12, hlien I hear the v;ord math, I have a feeling of dislike, 

13, I approach m.ath v;ith a feeling of hesitation, resulting 

from a fear of not being able to do math, 

14, I really like mathematics. 

15, Mathematics is a course in school which I have always 
enjoyed studying, 

16, It makes m.e nervous to even think about having to do a 
math problem, 

17, I have never liked math, and it is my most dreaded 
subject, 

18, I am happier in a math class than in any other class, 

19, I feel at ease in mathematics, and I like it very much, 

20, I feel a definite positive reaction to mathematics; it 
is enjoyable. 



ee 


(N) 


Ag 


ree 


(A) 


SD 


D 


N 


A 


SA 

1 


SD 


D 


N 


A 


SA 


SD 


D 


K 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 


SD 


D 


N 


A 


SA 
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2. Indices of general mathematics attitudes and interests, 
b. Dutton Mathematics Attitude Scale . 



Beloi'7 are some statements about mathematics as a school subject. Read 
all of these statements and then choose those statements that best tell 
how you feel about mathematics . Put a check (/) in the space before 
ONLY those statements that best represent your present judgement or 
feelings — probably not more than five statements. 

1. I think about mathematics problems outside of school and like 

to work them out. 

2 . I don't feel sure of myself in mathematics. 

^3. I enjoy seeing how rapidly and accurately I can work mathematics 

problems . 

I like mathematics, but I like other subjects just as V 7 ell. 

5. I like mathematics because it is practical. 

I don't think mathematics is fun, but I always want to do well 

in it, 

7. I am not enthusiastic about mathematics, but I have no real 

dislike for it either. 

^8. Mathematics is as important as any other subject. 

9 . Mathematics is something you have to do even though it is not 

enjoyable. 

^10. Sometimes I enjoy the challenge presented by a mathematics problem. 

^11. I have always been afraid of mathematics. 

^12. I would like to spend more time in school working mathematics. 

^13. I detest mathematics and avoid using it at all times. 

I avoid mathematics because I am not very good with figures. 

15 . Mathematics thrills me, and I like it better than any other subject. 

^16. I never get tired of working V7ith numbers. 

^17. I am afraid of doing word problems. 

18. Mathematics is very interesting. 

19. I have never liked mathematics. 

^20. I think mathematics- is the most enjoyable subject I have ever taken. 

^21. I can't see much value in mathematics. 
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First Year Questionnaire Study Analysis Designs. 

1. Four Factor Partially Hierarchal Analysis of Variance Design 



a. Layout of Analysis of Variance Design 



Treatment 

Preineasure 



h (E) 

C^(low) Cg(high) C. 



(C) 

c . 



Program 

(Ball 
State ) 



2 

(UICSM) 



3 

(SMSG) 



Teacher 



D 



D 



1 ( 1 ) 

2 ( 1 ) 



A. 



D 



L(l) 



D. 



( 1 ) 



D. 



1 ( 2 ) 



D 



L(2) 



D. 



( 2 ) 



D 



1(3) 



° t,(3) 

=^•(3) 



1111 



X. 



1112 



^ 111 . 



X 



211 . 



X 



311. 



1121 



112 . 



212 . 



312 . 



^. 11 . ^. 12 . 



X 



11.1 



X 



11 .. 



21 , 



31. 



X 



. 1 . . 



12.1 



12 .. 



22 . . 



32.. 



X 



. 2 . . 



lit 8 
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b. Elements and Notation for the Four Factor Design, 





Factor 


Notation and 


levels 


Distribution of 
factor levels 


Sampling 

correction 

factor 


A: 


Program 


1 3, ^ 9 # # J 


where 1=3 


fixed 1=1* 


l-f. = 0 


B: 


Treatment 


3 m c y 


where J = 2 


fixed J=J* 


1-f, = 0 


C: 


Premeasure 


k = 1, •••K, 


where K = 2 


fixed K=K* 


O 

II 

y1| 


D: 


Teacher 


1 ~~ 


where L = Number of 
teachers 


random L « L* 


1-i = 1 



in = 1, ,,,M, where M = Number of 

pupils /cell 

(unequal in each cell) random M << 



1 -^ = 1 



Factor D (teacher) is nested under factor A (curriculum). 



The model for this analysis has the form: 



X. . 



ijklm = X + “i + \ + By + oegy^ + 






+ 36.. 



ijk “X(i) ''“jl(i) 




c. Degrees of Freedom, Expected Mean Squares and Appropriate Error Terms 
for Four Factor Design. 



Source of 
variation 



A 

B 

C 



Degrees of 
freedom 



Ejipected 
mean square 



Appropriate error term 



I-l 

J-1 

K-1 



+ 






°c ^ ™“I-D(A) ^ 

°e ^ ®’“C.D(A) ^ 



’’*®D(A) *®S(ABCC) 

^®B'D(A) ‘'®S(ABCD) 

*'’®C"D(A) *'®S(ABCD) 



AB 


(i-i) 


(J-X) 




®B-D(A) 


^■^^sCabcd) 


AC 


(i-i) 


(K-1) 


* J'^C.D(A) 




.s(abcd) 


BC 


(j-i) 


(K-1) 


^°BC-D(a) 


®BC-D(A)°^ 


^^^S(ii*BCD) 


ABC 


(i-i) 


(J-1) 


(K-1) ol + 


«3bc.d(a)°’- 


^'^^S(ABCD) 


B(A) 


l(B-l) 






'®s(abcd) 





°E * ^^‘°C-D{A) 
“e ^ “‘bC-D(A) 



MS 



S(A3CD) 



MS 



S(ABCD) 



MS 



S(AECD) 



C-D(A) (K-l)l(L-l) 

B-D(A) (J-I)I(L--I) 

BC-D(A) (J-1)(K-1)I(]>1) 

S(/iBCD) N - IJKL 

• • t • 

IT - 1 



In testing the effects of the nested dimension, D(A), C*D(A), B*D(A) and 
RC*D(A), preliminary tests are required. By using the adjusted within 
cells error as denominator in the F ratio, these tests were run at a = ,25. 
If all these tests v;ere null (i.e. 6i(i), 36^e(i), y6^^(i), and By6Ae(i) 

were dropped from the model) then the adjusted within cells error was used 
to test the remaining interactions and main effects. If all the preliminary 
tests v/ere significant, then the corresponding error terra shown in the 
table v/as used to test the main effects and remaining interactions. 
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Because the variance estimates for D(A), C«D(A), B*D(A) and BCD(A) are 
obtained by pooling the respective variances within each nested level 
(i.e, E program comparison condition), the model assumes that these 
variances are homogeneous. A homogeneity of variance test (F Kiner 

JTwOLCO 

(15). PP* 92-96) vjas used to test this assumption for each of the variance 
sources. Since F tests are quite robust v?ith respect to departures 
from homogenity of variance the null hypothesis v;as rejected only v?hen 
p < .01. V7hen the latter hypothesis v;as rejected, only comparisons made 
within rather than across the nested condition, i.e., only an analysis 
for each alternate E program condition, using the model given below, 
could indicate the actual treatment effects. 

2. Three Factor Analysis of Variance Design. 

The Ftodel for the v/ithin program three- factor design was: 



The degrees of freedom, expected mean squares, and appropriate error terms 
are shoim below: 



1 


Source of 


Degrees of 


Expected 




Appropriate 


? 

A 


variation 


freedom 


mean square 




error 


term 




B 


J-1 


o2 + ICt'foL + 
e BD 


KLMo2 




^'^^S(BCD) 


\ - 


C 


K-1 


+ JMcrg^ + 


JLMo2 




^^^S(BCD) 


> 

\ 

% 


BC 


(J-l) (K-l) 


'’e + 




^^^BCD 


^^^S(BCD) 


1 

1 


D 


L-1 


o2 + JKMaJ 
e D 


- 


^^S(BCD) 


1 

j 


BD 


(J-l) (L-1) 


o2 -J- Kl-la^ 
e BD 




^^^S(BCD) 


ti 

1 

(Q 

d 


CD 


(K-l) (L-1) 


e CD 




^^S(BCD) 


2 

1 

j 


BCD 


(J-l) (K-l) (L-1) 


"e ""BCD 


c 


^^S(BCD) 


* 

J 

y, 

K 

Y 


S (BCD) 


H - JKL 

• • • 


0^ 

e 








f 
















TOTAL 


N - 1 










t. 

K' 

1 




• • • 
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The criterion for the preliminary test on the interaction effects BD, CD, 
BCD V7as a = .25. If the null hypothesis was rejected, then v;as used 

as the error term for testing the B effect, MS for C effect, MS^.^ for 
BC effect. ^ 
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APPENDIX D 



Second Year Questionnaire Study: 

Three Factorial Analysis of Covariance Design 



The basic observation of the post measure of the attitude index v;as con-' 

sidered to be Y. . V7hcre; 

13ICI 

1 = the 1th subject and 1 = 1, 2 , ...5 L* 
k = the kth sex and k = 1,2 
j = the jth treatment level and j ~ 1,2 
i = the ith teacher and i = 1,2, 1* 

The basic observation on ititial attitude was dcfi.ned as X. , and for 

ijkl 

grade change as the subscripts i, j, k, 1 being defined as 

they were for the Y score. Where = L* for all i, j, and 

k. The structural model was: 



y + ct. + Y. -f* W, + ay. . + aW., -}- yW.. + ayW, 
ijkl 1 J k 'ij ik ' jk ' ijk 



+ 6 (X. T - X...) i- $ (Z. . 

y«x' rjkl y?z^ ij 



kl 



2...) + 



XT’here 



p = grand mean 



a. 

X 






= ith teacher effect 



- jth treatment effect 



W, = kth sex effect 



ay . . 

ij 

aW., 

xk 

yW., 

ayVJ. 

ijk 



“ ijth teacher by treatment effect 
= ikth teacher by sex effect 
= jkth treatment by sex effect 
= ijkth teacher by treatment by sex effect 
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6 

y.x 



within cell partial population linear-regression 
coefficient for post attitude given pre attitude 






y.z 



within cell partial population linear-regression 
coefficient for post attitude given grade change 



^ijkl 



residual 



This structural model assumes that all effects are fixed constants 
which is the case where all subjects and all teachers of interest (i.e, 
all those to whom the results are to be generalized) are included in the 
design. In the sampling model, two variables, I* and L* , were 
sampled and the following definitions v?ith respect to the sampling model 



were assumed. 








(1) 


I < < I* 




1 - I/I’ 1 


(2) 


II 

11 


2 


1 - J/J’ = 0 


(3) 


II 

•• 

II 


2 


o 

II 

•• 

1 

tH 


(4) 


L < < V 




1 - L/L* 1 


(5) 


a. 

. 1 


NID 


(0, 6^a^) 


(6) 


“""ij 


NID 


(0, 


(7) 


“'^ik 


NID 


(0, 


(8) 




NID 


(0, 62ayW.^^) 


(9) 


^ijkl 


NID 


(6^e) 



The model and the definitions imply that 

1) I teachers were randomly sampled from a population of 
I* teachers. 

2) IJL students were randomly sampled from k different 
populations (M & F) of size L*. 

3) Each ijk cell has L students. 



o 

ERiG 
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The actual sample did not meet the condition that the cell n*s 
were equal ,. i.e. 



L =1= 



n. ., 

13^- 

N... 



N.c. 



V7herc 

n. '-1= h. and/or 

jL ♦ ♦ ■ jL ^ ® 

n . T h .1 and/or 

* 3 * ‘ -3 



n. 



n. 



>k' 




It was assumed that the differential n*s were unrelated to the 
treatment dimensions and that, therefore, an unv?eighted means anal3^sis 
of covariance would yield the best unbiased linear estimate of the 
parameters in the population model* It was also assumed that the coiv- 
trasts given were appropriate approximations to the estimates vjhich 
would have been obtained under the ideal sampling conditions which were- 
defined above* 

The analysis of covariance model required the following assumptions 
as given by Winer (15, p. 618). 

1) The treatment and regression effects were additive* This 
implies • that the regressions v;ere homogeneous v/hich v;as 
explicitly tested. 

2) The residuals V7ere normally and independently distributed 
V7ith zero means and the- equal variance* This implies that 
the proper form of regression equation (linear in this 
model) v?as fitted* 

3) The assumptions underlying the usual analysis of variance 
approach V7ere appropriate* 

The expected mean squares and appropriate error terms after 
covariate adjustments are the same as those given for the three factor 
analysis of variance design shov7n in Appendix C . The degrees of freedom 
are also the same V7ith tlie exception of the degrees of freedom for the 
within cell effect. The adjustment for the last effect is N... - JKL - 
number of covariates in the model. 
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APPENDIX E 



Questionnaire Study - Second Year: 



Summary of Results of Test of Within-cell Homogeneity of Regression 
Coefficients for each Index and E Program Comparison Condition Considering 
Two Covariates. 



Aiken Scale 

I 

Source of variance 

Regression 

Error 

Intrinsic Interest 



Regression 

Error 

Perceived Utility 

Regression 

Error 

Perceived Kncn-jledge 

Regression 

Error 

Ease of Learning 



Regression 

Error 



Ball State UICSM SMSG 



df 


MS 


F 


df 


MS 


F 


df 


MS 


F 


37 


19.0 


<1.0 


44 


37.2 


1.4* 


38 


31.0 


1.3 


117 


26.9 




141 


27. 




140 


24.7 




37 


40.6 


<1.0 


43 


65.7 


1.2 


38 


68.9 


1.5* 


118 


45.7 




161 


55.0 




141 


47.3 




37 


67.4 


1.1 


43 


87.3 


1.2 


38 


134.0 


2.2* 


119 


6 o ;.8 




163 


71.5 




141 


60.8 




37 


50.0 


1.6* 


44 


50.3 


<1.0 


38 


73.5 


1.4* 


118 


36.5 




162 


63.1 




141 


52.5 




36 


26.0 


1.1 


44 


15.2 


<1.0 


38 


16.5 


1.1 


120 


23.1 




162 


20.2 




140 


14.9 





*p < ,10 
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APPENDIX 



F 



Mathematics Activity Bulletin Request Frequencies. 



Table a 

Number of Pupils at Each Tota l Request Level 

for Each Grade. 



Total Requests Made 



Grade 


0 


1 


2 


3 


4 


5 


6 


Total 


9 


276 


64 


63 


29 


11 


19 


10 


472 


10 


731 


128 


105 


57 


48 


30 


31 


1130 


11 


669 


124 


100 


42 


28 


33 


16 


1012 



Table b 



Total Number and Percent of Pupils Making Requests for Each 
Successive Issue of the Bulletin by Grade. 

Issue Number 



Grade 


2 




3 




•4 




5 


6 




7 


No requests 


9 


196 


(42)* 


132 


(28) 


69 


(15) 


40 (9) 


29 


(6) 


10 (2) 


276 (58) 


10 


399 


(35) 


271 


(24) 


166 


(15) 


109 (10) 


61 


(5) 


31 (3) 


731 (65) 


11 


343 


(34) 


219 


(22) 


119 


(12) 


77 (8) 


49 


(5) 


16 (2) 


669 (66) 


Total 


938 


(36) 


622 


(24) 


354 


(14) 


226 (9) 


139 


(5) 


57 (3) 


1676 (64) 



^Percent of each grade total shown in parentheses. 




APPENDIX' G 



Library Reading in Mathematics — Questionnaire Form 



P3.ease read the following cjuestions and answer them carefully* 

1, Have you read part of or completely any books in or about mathematics 
of any type during the past school year in addition to your mathematics 

textbook? 



Yes 

If "no”, go on to question n'uraber 2 . 

If "yes", V70uld you please answer the following questions then 
go on to question number 2 . 



How many books involving mathematics have you read completely ? _ 

HO'imany books involving mathematics have you read partly, that 
is those in which you read one or more chapters or sections? 

Please list the titles (as best you can remember) of these books 
whether you have read them completely or just partly. If you 
can't remember the title, indicate wnat the book was about. Put 
each book on a different line. 



p]_0^30 put a star (") beside those books you have read completely. 



2 . During the past year, have you ever looked in your school library for 
books in or about mathematics? 

Yes No 
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N0.4> Number Curiosities 



o Minnesota National Laboratory 
Minnesota State Department of Education §. 



Old Methods of Multiplication 




The ability to multiply easily is something taught now in the lower grades of 
elementary school, but five or six centuries ago it was a topic studied only 
in the most advanced universities . 



The first printed arithmetic, printed in 1478, showed several different 
methods of multiplying numbers together. The most popular of these is the 
"grating" method, shown below. 




8 

9 




8 

9 




6 

1 

8 

9 



Fig. I 



9 

Fig. II 



5 9 

Fig. m 



We will multiply 5273 by 6189. Along 
the top write the multiplicand; along the 
right side write the multiplier, one digit 
outside each box as in Figure I. Now 
write the product of each pair of digits 
diagonally in the appropriate box. If the 
product has only one digit, put a zero in 
front of it. Two products are entered in 
Figure I. When the grating is completely 



filled, as in Figure II, add along the diag- 
onals. The darker numerals show how this 
is done. If necessary, "carry" into the 
next diagonal as in ordinary addition. The 
complete product can now be read , begin- 
ning at the top of the left hand column, 
and continuing along the bottom from left 
to right. Thus, the product of 5273 and 
6189 is 32,634,597. 



Now try your hand at the problem in 
Figure IV, 273 x 348, and then try multi- 
plying several additional pairs of numbers 
using this "grating" method. Check your 
work by using the ordinary method of mul- 
tiplication. Is it necessary for both num- 




3 

4 
8 



Fig. IV 
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Page Two 



Angles on Mathematics 



bers to have the same number of digits ? 
Which method is faster? Which do you 
prefer? 

Another system of multiplication/ this 
one in widespread use among less edu- 
cated classes in China/ Italy/ and Russia/ 
is multiplication by doubling/ frequently 
called "Russian Peasant Multiplication". 
The advantage of this system is that one 
needs no knowledge of multiplication 
other than the two-times tables. Its dis- 
advantage is that it is only useful for mul- 
tiplication of whole numbers . 

To use this method/ write in line the 
two numbers to be multiplied. We use the 
example 86 x 395. Halve the number on 
the left (ignoring any remainder) and 
double the number on the right/ with the 
results on the next line as in Figure V. 
Continue doing this until the last number 
in the left-hand column is I . Now look 



Fig. V 



Fig. VI 



86 X 395 


-86- 


885- 




43 


790 




21 


1580 




-P8- 


8f68- 




5 


6320 




-2- 


12640 




1 


25280 






33/970 



down the left-hand column; wherever 
there is an even number/ cross out its 
opposite number in the right-hand column. 
This is done in Figure VI. Add the num- 
bers remaining in the right-hand column 
to obtain the product/ in this case/ 
33/970. 



Try some products by this method. Can you see why it works? The hardest part to 
understand is the reason for crossing out the numbers next to even "halves" and leaving 
those next to odd "halves". It may help for you to write the products next to the numbers 
in the right column as in Figure VII. 




This method is closely related to that used to multiply Roman Numerals. Try multi- 
plying two Roman Numerals by this means. Does this work better than our regular multi- 
plicative algorithm for multiplication of Roman Numerals ? 



Number Curiosities and Puzzles 






5 ® ^ ^ 

^2 7 7 S 0 9 

9 o'' ' 6®!^ 4 ^ 
0^5 ^/o 
j 0 9 8 *1 At 3 



I . By multiplying 999/ 999 by each of the digits in 
sequence/ we obtain products in which the first and 
last digits rise and fall in reverse order: 

ThuS/ 999/999 * 2= 1/999/998 
999/999 • 3= 2/999/997 
999/999 * 4= 2/999/996 and so on. 

Without performing the multiplication/ what is the 
product 999/999 * 8 ? 
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0 



2. The fraction 1/7, when changed to a decimal, 
becomes . 1 42857 142857) 42857. . . . The digits 
142857 keep repeating themselves no matter to how 
many places the division is carried out. 

If we take the same digits , and multiply them by 
2, 3, 4, 5, and 6, we get the following results: 

142857 • 2= 285714 
142857 • 3= 428571 
142857 • 4= 571428 
142857 • 5= 714285 
142857 • 6 = 857142 

What do you think would be the result of multi- 
plying 142857 by 7? Do you suppose you would 
once again get the same digits in a different order? 
Try the multiplication for startling results . 





I 

3. Now take the number i 2, 345, 679. (Note that | 

this number contains all the digits except eight, in i 



ascending order.) 
Multiply 12,345,679 



by 


1x9, and your result 


II 


2x9, " 


It II 


II 


3x9, '• 


II II 


II 


4x9, '• 


II II 


II 


5x9, '• 


tt II 


II 


6x9, '• 


It II 


II 


7x9, '• 


II II 


II 


8x9, '• 


II II 


II 


9x9, " 


It II 



is 111,111,111 j 
" 222 , 222,222 | 
" 333,333,333 | 

" 444,444,444 | 

'• 555,555,555 I 

'• 666 , 666,666 j 

'• 777,777,777 1 

'• 888 , 888,888 | 
" 999,999,999 j 
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I . Two towers, one 30, the other 40 rods 
high, are 50 rods apart. There is a mile- 
stone on the straight line between these 
towers . From the tops of both towers two 
crows fly off simultaneously and with the 
same speed in a straight line in the direc- 
tion of the milestone and reach their goal 
simultaneously. How far is the milestone 
from each tower? 


















1 
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Angles on Mathematics 



2. Nat went fishing and caught a mackerel and a pickerel. The body of the pickerel 
was twice the length of his tail, and about equal to length of his head plus the tail of 
the mackerel. The body of the mackerel was as long as the whole pickerel minus the 
head. The head of the mackerel was as 
long as the tail of the pickerel, while the 
head of the pickerel was 1/4 of the length 
of the body of the mackerel, about 3 feet 
long. How big was each fish? 



3. If 78 players enter a tournament for a 
singles championship, how many matches 
have to be played to determine the winner? 



4. Rearrange these coins by moving only 
3 coins to make them look like this: 



5. My age is thrice my age three years 
hence minus thrice my age three years ago. 
How old am I? 







ANSWERS TO ISSUE 3 PERPLEXITIES 



1 . 2 pennies, 3 dimes, a quarter, and a 
half-dollar 

2. (a) Half a dozen dozen 
(b) Six dozen dozen 

3. 1890 7T . There are 270 grooves of 
average length 7 IT . 



4.15, counting those arriving just as our 
train pulls out of New York and leaving 
as we arrive in San Francisco. 

5. There is no relation between the sum of 
the balances and the sum of withdrawals. 
(Make a table for withdrawals of $ 1 0. 00 
per time.) 



How to order the next issue of 



r 




s on Mathematics 

GAMES STOR lES PUZZ LES 
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Fill out the heading on the enclosed sheet and show some 
work on one or more of the problems in this issue. M^l 
in, this sheet in the envelope provided to obtain' the next 
-issue. You need not solve any problem ccm.pletelv' to get 
the next issue, but you must show spmc* attempt at solving 
at least one problem. (This information wiu show us how 
difficult the problems are.) 
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This project was carried out to determine the effects of three experimen- 
tal "modern" programs in secondary mathematics, (Ball State, UICSM, and S’-ISG) on 
the attitudes and interests pupils develop toward mathematics and to examine fac- 
tors related to these effects. The project included several separate studies in- 
volving altogether 126 pairs of mathematics classes (mostly ninth grade). Each 
pair, one an E the other a C class, was instructed by the same teacher. Compari- 
sons were made in terms of self-report indices measuring general and specific 
attitude and interest dimensions, including the pupil’s perception of his own pro- 
ficiency and indices of overt beha.vioral manifestations of mathematics interest. 
Over the range of indices and samples of pupils, results indicated that the E pro- 
grams had little difi’erential effect, in comparison to C programs, on pupil atti- 
tudes and interests. However, there was a tendency, shown on the self-report in- 
dices for the Ball State program to develop less positive attitudes; and from the 
behavioral indices, for the UICSM program to contribute to more positive attitudes 
Some of the attitude differences resulted from greater pupil difficulty with the 
program materials. Thro factors found to independently account for a moderate 
proportion of attitude change ^ g eneral vrere change in grade received relative to 
the previous year and difficulty with the instructional materials. 




